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PREFACE. 



" Where can I obtain a Practical book on Pumps?" This 
oft-repeated qnery addressed to me by nnmerous gentle- 
men with whom I have become acquainted in the execution 
of my professional duties in this special line, has induced 
me to offer what varied and extensive experience has 
taught me to be the main basis upon which Pumps, such 
as herein described, should be constructed. Being unable 
myself to obtain the particulars required in cases of this 
description in book form, it is with a hope that a lucid and 
graphic description of those main points which form a safe 
and effective guide for the construction of first-class 
Pumps, will prevent the production of those abortive pieces 
of machinery, designated by courtesy, Pumps, that the 
notes of some sixteen years have been condensed into what 
I hope will prove to be a handy book for reference or 
consultation. 

It is also hoped that this small manual will find a wel- 
come at the hands of those who have the practical part to 
perform, as well as those who either undertake or super- 
intend the designing. 

I have to thank Henry Davey, Esq., for kindly look- 
ing over and correcting the mattcor, and any alteration that 
may be deemed at all beneficial to the readers, will be 
gladly accepted and considered, with a view to future 
editions. 

P. B. B. 

Much Wenlook, Salop, 1886. 



k 



CONTENTS. 



PAOB 

Pbinciplb of the Action op a Pump .. .y 1 

Classification of Pumps y 3 

Dbsoription of yabious Classes of Pumps .. v ^ 

Bemabes on DESiONiNa Pumps 14 

Materials Pumps should be made of fob different kinds of 

Liquids 16 

Description of various Classes of Pump-Valves 23 

Bemares on designino Pump-Valves .. 37 

Materials Pump- Valves should be made of fob different 

kinds of Liquids 42 

Description of various Classes of Pump Buckets 45 

Bemarks on designing Pump Buckets 48 

Description of various Classes of Pump Pistons 49 

Cup-Leathers 52 

Air-Vessels .. 53 

BuLES AND Formulas 54 

Memoranda , .. .. 65 

Tables 67 

Illustrations At end 



i 



4 



PKACTICAL HMDBOOK 



EBRATA. 



Page 4, line 19, /or "Plate VII." read " VIIL" 
„ 11, „ 23,/or "FigB. 11, 12, and 13 " read " 10, 11, and 12." 
„ 12, „ 21, /or « Pigs. 14 and 15 " read *« 13 and 14.*' 

13, „ 24, for " of the annular space " read ** to the annular 



space." 



19, „ 20, /or « a cork " reod *• a cock." 



„ 35, „ 3 fTOLQbottom,/or** to tighten the ball" rfloii'* to lighten 

the ball." 



Jflate 1., consists ol a barrel, bored perfectly true and 
parallel, into which fits a bucket. This bucket is fitted 
with a valve which opens upwards ; a valve is also fitted 
at the bottom of the barrel, which also opens upwards. 
This latter valve is called the suction-valve, or perhaps, 
more commonly, the sucker. 

The action is as follows : — When the bucket is raised in 
the barrel by means of the handle, a partial vacuum is 
formed under it, more or less complete according to the 
perfection of the working parts and tightness of the joints 
in the suction-pipe. The valve in the bucket is kept shut 
by the pressure of the air above it, while the suction- valve 
will be forced upwards by the water rising into the 
barrel, which water is forced into the space otherwise 
forming a vacuum under the bucket by the air press- 
ing on the exposed surface of the water in the well; 
in other words, by abstracting the pressure of the air 
from off part of the surface of the water, that portion 
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under the bucket is forced upwards by the pressure on the 
remaining portion of its surface. Supposing the up-stroke 
of the bucket completed, and the space under the bucket 
is filled with water ; on commencing the down-stroke the 
water cannot return through the suction-Talve, for it will 
shut immediately by the weight of the water, but the 
bucket-valve will open by the same effort. Thus the 
water will be forced from the under side to the top side of 
the bucket. It can be easily understood that the water 
above the bucket can be raised to any height required ; 
but the height to which the water under the bucket 
can be raised above the natural level of the water 
in the well is limited by the law of nature within 
the range of 30 to 33 feet; that is, if the vacuum 
could be obtained perfect, there could not be more than 
30 to 33 feet from the surface of the water in the well to 
the under side of the bucket, when it is at the top of its 
stroke. A comparison of the relative weights of water 
and air would appear to warrant us placing the suction- 
valve of a pump at a greater height above the surface of 
the water in the well or pit than is usually adopted in 
practice, but the imperfections of the different parts of the 
pump do not admit of it being carried beyond from 20 to 
25 feet ; the author, however, prefers two pipes, each 9 feet 
long, or 18 feet. 
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CLASSIFICATION OF PUMPS. 

The pumps mentioned in this little treatise may first be 
divided broadly into Vertical and Horizontal. 

Vertical Pumps are again divided into : 

1. Ordinary Suction Pumps or Bucket Pumps. 

2. Suction and Lift Pumps. 

3. Plunger Pumps or Force Pumps. 

4. Bucket and Plunger Pumps. 

5. Piston and Plunger Pumps. ^ 

• 

Horizontal Pumps are divided into : 

1. Double-acting Piston Pumps. 

2. Single-acting Plunger Pumps. ^ 

3. Double-acting Plunger Pumps. 

4. Bucket and Plunger Pumps. 

6. Piston and Plunger Pumps. 



B 2 



PRACTICAL HANDBOOK ON PUMP CONSTRUCTION. 



DESCRIPTION OF PUMPS. 

Vertical. 

Ordinary Bucket Pump, J 

Fig. 1, Plate I., illustrates an ordinary hand-'pnm-p ac- 
tuated by a lever : A is the barrel ; B the bucket fitted 
with an ordinary leather clack-valve; C is the suction- 
valve ; D the suction-pipe ; E delivery spout ; F the lever 
or pump-handle ; G fulcrum ; and H the bucket-rod. The 
bucket pnlarged is shown in Figs. 39 and 40, Plate VII., 
and the valve in Figs. 17 and 18, Plate V. 

Vertical Bucket Pump U9ed in Mines, i 

This pump is illustrated in Fig. 2, Plate I., in which A 
represents the pump "trees" or rising main ; B the working 
barrel ; C the ** drop clack-piece " ; D the clack-pieoe 
proper; E the suction-pipe or windbore, fitted with a 
strainer F ; in this case the windbore is of the sliding 
type used for sinking purposes. The bucket usually 
adopted for this class of pump is shown enlarged in Figs. 
41 and 42, Plate VII., and the clack in Figs. 20, 21, and 22, 
Pl^to V. 

The " pump trees " for the bucket pumps should always 
be made about one inch larger in diameter than the 
working barrels in order to obviate the friction which 
would occur when the buckets have to be lowered or 
drawn, supposing the latter were made the same diameter. 
The pump trees are usually made of 9-feet lengths of 
pipe, with a few matching or making-up pieces 6 feet 
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and 3 feet long for convenience of fixing. They are 
generally flanged, but sometimes made with spigot and 
fancet joints. The joints are commonly made by lead or 
wrought-iron rings wrapped round with old flannel or 
common woollen cloth soaked in tar, and when screwed 
up makes a perfect water-tight joint, and can be separated 
and remade with great facility. For heavy pressures, 
however, there is no joint as good as the gutt^ipercha 
cord joint. 

If the water which t>)e bucket pump has to lift is 
highly charged with acid, the rising main is frequently 
made much larger in diameter and lined with staves of 
wood fitted with great care, otherwise the cast-iron pipes 
will soon be eaten away, by the corrosive action of the 
acid. The staves are put round the interior of the pipe, 
a narrow space being left between the first and the last 
stave; into this space are driven two wedge-shaped pieces, 
one driven in from each end of the pipe. 

The working barrel is usually made of cast iron, but 
when the water to be lifted is contaminated with acids, it 
should be made of solid gun-metal ; but as this is too ex- 
pensive for large pumps, it is made of cast iron lined 
with brass or gun-metal, and where the water is very bad 
phosphor-bronze is used. It must be bored perfectly true 
and parallel, so that the bucket can work up and down 
with ease and with as little friction as possible ; it must 
be bell-mouthed or trumpet-shaped at the top, to allow 
the bucket to enter easily without injuring the bucket 
leather when lowered down. 

Sometimes a door is provided above the working 
barrel for access to the bucket, so as to prevent having to 
draw the bucket out at the top of the pit. 

The clack-piece is also provided with a door for access 
to the suction-clack. Between this clack-piece and the 



6 PRACTICAL HANDBOOK ON PUMP CONSTRUCTION. 

working barrel is Bometimes introduced another piece, 
into which is dropped an auxiliary fixed clack, in case 
something should happen to the proper clack, and the 
clack-door should be under the level of the water in the 
mine. The seat in this clack-piece is a little less than 
the bore of the working barrel and bored slightly taper, 
so that it can be drawn from the top. 

The ordinary windbore consists of a pipe, furnished at 
the bottom with an enlargement perforated by holes, 
which prevents any large pieces of foreign matter from 
entering the pump and getting into and hanging the 
valves. This bottom part is either egg-ended, as shown 
in Fig. 2, Plate I., flat-bottomed or round, and for very 
small pumps the suction-pipe is frequently plugged up at 
the bottom and holes drilled in it. The aggregate area of 
the holes in the windbore should be at least one and one- 
half times the area of the suction-pipe ; for sewage pur- 
poses they ought to be not less than twice the area. 

The sliding windbore illustrated in Fig. 2, Plate I., is 
made of cast or wrought iron, the latter preferably, 
although it is more expensive, on account of its lightness. 
It is used for sinking purposes. It consists of a cast-iron 
pipe bolted to the suction branch of the clack-piece. This 
pipe is turned perfectly true and parallel to work freely 
in the stuffing-box and gland, which are bolted to the 
outer sliding pipe, the gland and stuffing-box being bored 
true to fit the pipe. If this pipe is of cast iron the strainer 
is usually cast in one with it, but if of wrought iron it 
finishes with an L iron ring, to which a loose strainer is 
bolted or riveted. The fixed pipe is made 10 feet long, 
to allow the sliding pipe to lower 9 feet, and when the 
sinking has proceeded thus far a 9-feot length of suction- 
pipe is inserted, then the windbore is again allowed to 
sink 9 feet, and so on until the suction has reached its 
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limit, when the suction-pipe is removed, the pump 
lowered, and the previous process rej^eated. The strainer 
Ibr sinking purposes is usually egg-ended or heart-shaped. 

Vertical Plunger Pump, 

A amaU vertical plunger pump, such as is used for boiler 
feeding and for purposes where a small quantity of liquid 
has to be raised, is illustrated in Figs. 7 and 8, Plate 11. 
Fig. 7 is a sectional elevation and Fig. 8 is a plan. The 
construction is so very simple that the illustrations will 
explain themselves. A great error which often is over- 
looked in these pumps is that the designer, for the sake 
of uniformity in the appearance, places the centre of the 
suction and delivery branches in one line, and thereby 
forms an air-lodge, which is a great detriment to the 
quantity of liquid raised. 

It will be seen in Fig. 7 that the suction branch is low 
down and the passage from the same to the barrel is at 
the top of the latter, and that the passage from the barrel 
to the delivery valve is also at the top, leaving no place 
whatever where any air can be kept, for it always rises to 
the highest point. The valves and seats are not shown 
in the illustration, because they alter in design for dif- 
ferent liquids and pressures against which the pumps 
have to work. 

Vertical Plunger Pumps used in Mines, ^ 

This pump is shown in Fig. 3, Plate I. It consists of 
a pole-case or plunger barrel, fitted at the top with a 
stuffing-box and* gland bored accurately to fit the plunger. 
The case is made, according to the diameter of the plunger 
and the length of the stroke, from one to two inches larger 
internal diameter than the plunger. 
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The plungers are sometimes made of cast iron fitted 
with a centre bolt ; sometimes a boss is formed at the top 
of the plnnger, into which the pump-rod is cottered ; in 
small pumps the rod is in many cases screwed into the 
boss and secnred by a back nut. In very small pumps 
the plunger and rod are made in one forging. The best 
plan is to carry the rod through the plunger and secure 
it by means of a nut and split cotter. 

In Cornwall the plungers mostly consist of wood spears 
or rods covered with cast-iron casing, turned perfectly 
true and parallel, and secured to the rod by means of 
wood wedges. This plunger is shown in Fig. 3, Plate I. 

The plunger-case is bolted to the top flange of one 
branch of the double pipe or H-piece, and to the bottom 
flange below is secured a pipe of the same diameter as the 
plunger-case, this pipe being blocked up at the bottom 
and provided with a foot; this pipe is also useful for 
collecting the sediment; a blow-off cock should be pro- 
vided at the bottom, so that the sediment can be blown 
out at intervals when necessary. The other pipe of the 
H-piece is fitted with the suction-clack and a door for 
easy access to the same. 

The suction-pipe or windbore is bolted to the flange 
below the suction or bottom clack. 

To the top of the same branch of the H-piece is secured 
the rising main or pump " trees." 

There is one objection to this design of plunger pump, 
namely, that the delivery clack is placed below, leaving a 
space above it round the plunger for air, and to allow this 
air to escape the packing in the stuffing-box must be left 
slack enough to allow the air to pass through it. The 
delivery clack ought to be placed just below the stuffing- 
box, and the internal diameter of the pole-case should be 
twice the area of the plunger. There should be a cup 
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formed round the top of the plunger gland for water to 
prevent the air passing through the gland and stnffing- 
hox into the pole-case on the np-stroke of the plunger. 

The action of the plunger pump is as follows : — On the 
np-stroke of the plunger the water enters from the sump 
or tank by the windbore (which in this case is flat bot- 
tomed, and not sliding, as shown in Fig. 2, Plate I.), 
passes through the suction-clack, the double-pipe or 
H-piece, into the space left under the plunger; and on 
the down-stroke the water is forced through the delivery 
pipe, up the rising main, and delivered at the top of the 
same, either into a tank, from which the next set gets its 
water, or into a collar launder or spout at the top of the 
pit mouth. 

The Hollow Plunger Pump, 

The hollow plunger pump is a combination of the bucket 
pump and the plunger pump. It is illustrated in Figs. 
4, 6, and 6, Plate I. Fig. 4 is a sectional elevation, Fig. 6 
an enlarged view of the top of the plunger, and Fig. 6 
the plan of the delivery valve. The plunger-case is 
similar to the ordinary one, and fitted at the top with a 
stuffing-box and gland ; to the top of the stuffing-box is 
secured a delivery clack-piece furnished with a door for 
access to the delivery valve, and to the top of this clack- 
piece is bolted a cover provided with a stuffing-box and 
gland for the pump-rod (not shown in the illustration). 

The plunger consists of a hollow pipe without flanges, 
turned all over perfectly true and parallel ; it is furnished 
at top and bottom in the inside with two lugs, through 
which pass two wrought-iron rods provided at the bottom 
with double nuts, and at the top secured to a cross-head 
forged on the main pump-rod and secured by double nuts. 

The delivery valve, in this example of hollow ram 
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It will be seen in the cross-section. Fig. 12, Plate III., 
that there are no places where the air can lodge, and that 
any air contained in the water mnst enter into the air- 
vessel, and there replenish the air which has been ab- 
sorbed by the water and passed away from it. 

single-acting Plunger Pump. 

The single-acting plunger pump is illustrated in Fig. 15, 
Plate IV. This pump is undoubtedly the best plunger 
pump. It consists of a cast-iron working barrel ; on the 
top of one end is a branch fitted with a delivery valve box. 
The suet ion- valve box is cast in one with the back cover 
of the barrel. Both the suction and delivery valve boxes 
are fitted with covers for easy access to the valves for 
repairs or renewal. The peculiar feature in this pump is 
that the centre line of the plunger is below the centre line 
of the working barrel, and the area of the barrel is twice 
that of the plunger. It will be seen also that the water 
is rising all the way during its passage through the pump, 
and that there are no air-lodges present at any part of it. 

Douhle-aciing Plunger Pump. 

This pump is illustrated in Figs. 14 and 15, Plate IV. 
It consists of two working-barrels, which are firmly bolted 
to a strong bod-plate by means of well-ribbed feet. Each 
barrel is furnished with a delivery branch on the top, and 
a suction branch on the side, the top of the latter branch 
should be placed level with the top of the working-barrel 
to prevent air-lodge. One of the barrels is provided with 
a stuffing-box and gland for the pump-rod at one end, and 
a gland and stuffing-box for the plunger at the other end. 
The other barrel is furnished with a stuffing-box and 
gland for the plunger at one end and a cover for the intro- 
duction of the plunger at the other. The plunger is 
turned perfectly true and parallel to work in the stuffing- 
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boxes and glands, which are bored to receive it. When 
bad water is raised, it is sometimes covered with brass* 
gun-metal,, phosphor-bronze, or copper, and at other times 
made of solid gun-metal. All the valve-boxes are cast 
separate and bolted to their respective branches provided 
on the working-barrels. All the surfaces are round, to 
withstand heavy pressures. The valves are made of 
different material and are differently constructed according 
to circumstances. 

Piston and Plunger Pump. 

This class of pump is illustrated in Fig. 16, Plate IV. 
The principle of this pump is similar to the bucket and 
plunger pump described on page 10, and illustrated in 
Fig. 9, Plate II. It consists of a working-barrel in 
which works a piston. The rod is enlarged to form a 
plunger one-half the area of the piston. 

The action of the pump is as follows : — Supposing that 
the piston is moving from left to right; then the suction- 
valve opens and allows the water to fill the working- 
barrel. As soon as the piston reverses its motion and 
travels from right to left the water is forced through the 
delivery valve ; but as the plunger is only half the area of 
the piston, one-half of the water will pass through the 
top passage of the annular space round the plunger ; the 
remaining half will pass into the delivery pipe. When 
the piston is again reversed, that is, travelling from left to 
right, the water that remained round the ram is delivered 
through the rising main. '^It will be seen that this, like 
the bucket and plunger pump, only sucks once in each 
revolution of the crank, or double stroke if the pump is 
direct-acting, but delivers twice ; so that it is a double- 
acting delivery with only two valves, the quantity of 
water discharged being equal to a double-acting piston- 
pump having a piston of the same diameter as the ram. 
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KEMAKKS ON DESIGNING PUMPS. 

The Bpobce between the suction-valve and bucket, plunger, or 
pistoUy as the case may be, should be as little as possible, 
consistent with ample waterway being given. 

All passages should be as straight as possible, and when 
bends are necessary, the radius should be an easy one. 

Sudden enlargements and contractions in the passages 
should be avoided, but if an alteration in size or shape of 
the passages is necessary, it should be made gradually. 

Care should be taken that the suction-pipe should be the 
lowest point in the pump, and in no case must there be 
any part of the suction portion of the pump above the top 
of the barrel, and the delivery passages should be above 
the top of the barrel, so that there is no place for air to 
lodge, as air-lodges affect the efficiency of the pump. 

There must be wo part of the suction-pipe higher than the 
suction branch on the pump. 

If the pump is required to raise hot water, there should 
be very little suction ; in fact, it is best, if possible, to have 
the water running into the pump. 

Long suction-pipes should always be provided with a 
foot-valve just above the windbore or strainer, in the well 
or pit. 

Great care must be exercised to have equality of metal 
all through the pump, and where a greater or less strength 
is required, the alteration from one to the other must be 
gradual. 

All comers should be well rounded, with a radius greater 
than the thickness of the metal. 
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There should be as few flat aurfacea as possible, and 
where there are any they should be well ribbed. 

Joints in the suction-j^ijpes and the auction part of the pump 
must be very carefully made, and perfectly tight, as great 
damage and annoyance is often caused in this way by 
badly made joints. 

Change of direction in the flow of the water should be 
avoided as much as possible. After a current of water 
has received an impulse, it is necessary that the motion 
imparted should be continued with a uniform velocity 
throughout its whole course ; any change in that velocity 
wiU cause considerable loss in power by overcoming the 
inertia. The motion of a crank moving in a circle with 
uniform speed is therefore an imperfect machine for 
moving a pump-piston, because the motion which it 
imparts changes at every point of its course. The changes 
of a piston should be sudden, and its velocity uniform. If 
any irregularities in the motion of a pump-rod are advan- 
tageous, it is the reverse with the motion of a crank. 

In vertical pumps the delivery valve box should always 
be at the highest part of the working-barrel. 
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MATERIALS OP WHICH PUMPS SHOULD BE 
MADE, AND THE CLASS OF PUMPS FOB 
DIFFERENT LIQUIDS. 

For strong adds, single-aoting plunger pamps made of 
earthenware, stoneware, glass, guttapercha, or cast iron 
lined with guttapercha. 

Earthenujare or stoneware pumps are of the pi anger type, 
the plunger and the pipe-joints being made with asbestos. 
The packing gland and all the joints are either made by 
flanges, by collars much smaller in diameter and tightened 
by means of wrought-iron rings, bolts and nuts, or by 
spigot and socket, like ordinary stoneware piping. The 
plunger, valves, and seats are accurately ground together. 
When these pumps are used for forcing thick and viscid 
liquids, they should never make more than eighteen to 
twenty strokeiB per minute, but if used for thin acids, they 
can be driven at the usual speed for water pumps. 

Glass Pumps. — These pumps are of the single-acting 
bucket type ; the barrel is made of the best plate glass, 
bored and polished perfectly true and parallel ; the top 
and bottom chambers are made of lead if strong acids are 
to be pumped. The chambers are furnished with lugs, 
and are held together by wrought-iron tie-bolts, with 
double nuts, one on each side of each lug. The top 
chambers are also provided with a flange for the delivery 
pipe, and the bottom chamber for the suction-pipe. 

Sometimes the acid is raised by means of a double-acting 
air-pump. The acid eggs are filled with acid by gravita- 
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tion ; when the egg is fall, the delivery pipe of the pump 
is set in communication with it and the pump forces air 
into the same, and by that means elevates the acid to the 
tank or cistern without passing through the pump. 

For Weak Adda, double • acting piston pumps, and 
plunger pumps ; all parts made of gun-metal. 

For Ammoniacal Liquor^ any type of pump will do, but 
they must be made of cast iron. The same also applies to 
AiUhrcusene OH. 

For jBeer, backet pumps are generally used, made of 
gun-metal throughout for small pumps, but if large, they 
are for cheapness made of cast iron with gun-metal or gun- 
metal lined barrels. 

For Benzoley double-acting piston pumps made of cast 
iron, working-barrels lined with brass, or if the pumps are 
very small, wholly of gun-metal. 

For BenzoUne^ double-acting piston pumps, or single, 
double or treble-barrel bucket pumps, made of cast iron 
with gun-metal or gun-metal lined working-barrel or barrels. 

For Bleaching MiUsj double-acting piston pumps, or 
treble-barrel bucket pumps, of cast iron, with the barrel or 
barrels of gun-metal or lined with gun-metal. 

For Bore^hoUs. These pumps are of the angle-acting 
bucket type, and consist of a wrought-iron suction pipe 
the upper part of which is screwed into the bottom of a 
gun-metal, or cast-iron gun-metal-lined working-barrel, 
the top being screwed into a wrought-iron delivery pipe 
or rising main, through which the pump-rods pass. The 
joints in the suction-pipe and rising main are flush both 
inside and out. The lengths of pump-rods are the 
same as the rising main, and coupled together either by 
brass sockets or screwed into one another. These pumps 
sometimes deliver the water at the top of the well; in 
other cases, when the water has to be forced above that 

c 
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point, a delivery chamber muBt be bolted on the top of the 
rising main, and this chamber be provided 'with a cover 
famished with a gland and stuffing-box, and a flange for 
receiving the delivery pipe. 

For Bretoeries^ treble-barrel plunger pumps, treble-barrel 
bucket pumps, or horizontal double-acting piston pumps, 
with all the parts made of gun- metal. 

For Creosote^ double-acting piston pumps, or single, 
double, or treble-barrel bucket pumps, made entirely of 
cast iron. 

For Domestic purpoBea, the ordinary bucket pump made 
of cast iron. 

For Drainage^ almost any class of pump, but the best is 
the double-acting piston pump or treble-barrel plunger 
pump, placed horizontally on a massive frame. All parts 
may be made of cast iron. 

For Dyewarka, double-acting piston pumps ; the material 
for their construction depends upon the chemical properties 
of the dyes to be raised. 

For Fire Engines^ the best type of pump is, without doubt, 
the bucket and plunger type ; but for direct-acting steam 
pumps, the double-acting piston pump has done very good 
service, the best being made of gun-metal with copper 
air vessel, but pumps of cast iron with working-barrels 
lined with brass or gun-metal are very often used. 

For Oasworks, double-acting piston pumps, double-act- 
ing plunger pumps, or piston and plunger pumps; all 
parts made of cast iron. 

For GelatinoM fluids^ double-acting piston pumps or 
piston and plunger pumps, made of gun-metal or cast iron 
lined with gun-metal. 

For Glutinous fluids not containing acidSf plunger pumps, 
single, double, or treble-barrel ; they should be made of 
cast iron throughout. 



^ 
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For Irrigation^ see Drainage, page 18. 

For Mali lAqaor^ see Breweries, page 18. 

For MUk of Lime^ the doubl^acting piston pnmps, or the 
double-acting plunger pumps are the best ; they should be 
made entirely of gun-metal, but on account of the great 
expense they are usually made of cast iron, the working- 
barrel being lined with brass or gun-metal. 

For Mines, the large vertical bucket pumps, the plunger 
pmnps, the horizontardouble-acting piston pumps are used ; 
but the best are the horizontal double-acting plunger pumps 
for the following reasons : — 

First, There is less friction in the ram working through 
a Btuffing-boz than in the bucket working against the 
inside of the pump barrel. 

Second, When the water, as is generally the case in 
collieries and mines, is impregnated with sand, grit, mud, 
and other foreign matter, the wear and tear of the plunger 
i» prevented by the space underneath it forming a recep- 
tacle for the solid matter, which is not the ca^e in the 
piston pump. A co^k should be provided on the under side 
of the barrels, so that the sand or sludge can be blown off 
at intervals, when necessary. 
Third, The cost of repacking the ram is only nominal, 

but the cup-leathers for the pistons are a great ex- 
pense. 

Fourth. The ram being packed from the outside, leaks 
are immediately detected, and the glands can be tightened 
in a minute while the pump is running, and the stufi&ng- 
box repacked in a very short time, whereas in a piston 
pump a great leakage can be going on for a long time 
without being noticed, representing so much duty lost; 
a great deal of time is also lost in putting in new cup- 
leathers, or taking off the worn piston or bucket and 
putting in a new one. 

c 2 
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Lasihf. That the ram can be lubricated, and the cor- 
roding action of acidulated water greatly reduced. 

The Bficket Pump is very useful, and mostly employed 
for sinking or for the bottom lift in a mine, where there 
is any danger of a sudden inburst of water. The working- 
barrel should be made of very hard meta], and the length 
of the rods nicely adjusted, so that the leather of the 
bucket will come slightly above the bore in the up-stroke ; 
if the water is clean and not contaminated with acid, and 
the lift not too great, then the bucket pump is probably 
the best. The occurrence of air getting into the pump 
does not cause the shook which is experienced with plunger 
pumps. 

The objecttoM to these pumps are, however, very great, 
namely : — 

First. The rapid wear and tear of the leathers on the 
bucket, and the great expense in replacing them, especially 
if the bucket door is drowned ; because all the rods must 
be drawn to the surface, which requires long time and 
necessitates the employment of a great number of men 
when the lift is deep. 

Second, When the water is saline or acidulous, which is 
very often the case in Cornwall, the working^barrel is 
soon eaten away, which causes unevenness in the bore of 
the barrel, and causes a great leakage. 

These are very serious objections, especially in mines 
where continuous working is an absolute condition. 

For Naphiha, any type of pump will do, but they must 
be made of cast iron. 

For Oi7, the double-acting piston pump will do, but by 
far the best are of the single-acting plunger type ; they 
should be made wholly of gun-metal. 

For Paper P«/j?, the double-acting piston pumps, or 
treble-barrel plunger pumps, made of cast iron. 
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For Painty donble-cicting piston pumps or plunger pumps, 
made of cast iron, buckets or pistons fitted with cast-iron 
packing rings. 

For Petroleum, single-acting bucket pnmp. The pnmp 
barrel is usually made of gnn-metal or brass, bnt some- 
times of cast iron, brass lined ; the suction and delivery 
pipes are of wrought iron, the pump-rods are frequently 
made of wrought-iron tubes screwed together. Their 
diameters vary from 2 to 8 inches. They are worked by 
a tee bob or by a crank. 

For jSattTFo^er, any type of pump will do; all parts must 
be made of gun-metal, the alloy for which is given on 
page 42. 

For Sewage^ double or treble-barrel plunger pumps and 
double-acting plunger pumps, made of cast iron. The 
treble-barrel pumps give the nearest approach to equal 
flow, and consequently equal resistance, but on account of 
increased first cost, and the friction due from the three 
barrels, buckets and rods, it is better, whenever possible, 
to employ double-barrel pumps or double-«cting piston 
pumps, and provide a heavy fly-wheel to equalise the 
resistance. 

For Sugar Solution, double-acting piston pumps, and 
single, double, or treble-barrel plunger pumps, all parts 
made of gun-metal. 

For Tanneries, single or double-barrel plunger, or piston 
and plunger pumps, made of cast iron, and barrels of brass, 
or lined with brass. 
For Tar, see Gasworks, page 18. 
For Treacle, see Sugar Solution, page 21. 
For Vinegar, any class of pump will do, but they must 
be made of lead, glass, guttapercha, or stoneware; same 
as for acids, pages 16 and 17. 

For Waterworks, double-acting piston pumps, bucket 
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Author will give only a few samples of the best and most 
commonly used. 

The oldest valve is probably the metal clack-valve, as 
it is mentioned and illustrated in «* Hero's" work on 
Pneumatics, written about the year 200 b.c. The most 
common is the leather clack-valve, which consists of a 
piece of leather or canvas covering an orifice and held 
down at one edge, which forms a hinge; the leather is 
at the centre covered top and bottom by metal plates, to 
make it rigid, and to add weight, so as to enable the valve 
to close. 

The most simple valve for ordinary hand-pumps and 
pumps for very low lifts, is illustrated in Figs. 17 and 18, 
Plate Y. It consists of a piece of leather or canvas cut 
to the same size as the diameter of the bottom flange of 
the pump-barrel, and a piece to th& shape shown at A cut 
out ; this slit must be cut so that a lap of one-tenth of an 
inch for every inch of the diameter of the waterway is 
allowed all round ; a plate of wrought iron, cast iron, or 
gun-metal of the same diameter, should be placed on 
the top of the valve, and a plate of the same material a 
little less in diameter of the waterway must be placed on 
the bottom side, the two plates and the leathers are 
fastened together by a bolt or rivet, the former being 
preferable, as when the leather is worn out the nut can 
be unscrewed in a few minutes and a new leather put in. 
These valves should never be allowed to rise higher than 
an angle of 30^ from the seat, and 60° from the horizontal 
line. 

Tke Butterfly Valves, — These derive their name from the 
fancied resemblance to the wings of a butterfly, and are 
made in many different ways, some being of leather and 
canvas, with hinges formed out of the same piece ; others 
of cast iron, wrought iron, or gun-metal clacks or flaps 
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faced with leather, canvas, indiambbber, guttapercha, or 
▼nlcanised fibre, to reduce the severity of the concussion ; 
others have beats of compressible substances fixed in the 
seat. Figs. 20, 21, and 22, Plate Y., illustrate the best 
design of this type. A is the seat, B the guard, which 
prevents the clacks from rising too high ; c e are the two 
clacks hinged on a pin ; the holes in the clacks through 
which the pin passes are made oval, so that the clacks lift 
one-eighth of an inch perpendicular before they commence 
turning on the pin. 

These two types of valves open by moving from a fixed 
point or hinge, therefore the lift or opening must be taken 
at the centre, and the periphery opposite the hinge of the 
valve passes through an arc double the length of the lift, 
consequently the valve takes a long time in closing, thus 
allowing a great amount of water to slip back into the 
suction-pipe before it has time to dose, and a heavy 
concussion is produced. Valves of this class should be 
fixed in such a way that they open in the direction in 
which the water has to flow into the working-barrel ; this 
prevents any change in the direction of the flow of the 
water. 

DofMe-heai Claeh^alvei, — One form of this class of 
valves is illustrated in Fig. 19, Plate V. It consists of an 
ordinary clack-valve and seat, but having a hole half the 
area of the clack cut out of the top of it, this hole being 
covered with an ordinary clack-valve. Both these valves 
* open in the same direction. 

A modification of the above-described valve is shown in 
Fig. 23, Plate Y. This valve is noiseless in its action and 
cheap. It consists, like the previous valve, of two clacks, 
but having the small one hung in the opposite direction. 
In this valve the area of the top clack is one-third the 
area of the opening in the main valve seat. 
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Valves with a perpendicular lift are mostly used for 
horizontal pumps, especially for waterworks. The most 
simple and best of this type is shown in Fig, 24, Plate V. 
This valve is called the conical mitre-valve. It consists of 
a conical shell, the sides of the cone being at an angle of 
45°, the top part is turned to fit the bevel in the top of the 
seat, the lower part of the cone is furnished with three or 
more wings or guides, according to the size of the valve, 
these guides should be put at such an angle that the valve 
at every rise will partially rotate so as to wear the seat 
evenly and prevent any grooves being formed. Inside 
the cone is cast a short spindle, which beats against a 
stop provided in the pump-valve box. 

This design of mitre-valve is by far the best, the flow 
of water being brought into the proper direction by 
reason of the cone causing less obstruction to its passage, 
and producing less contraction of the fluid vein than the 
valve illustrated in Fig. 25, Plate V. This valve con- 
sists of a slightly convex gun-metal disc, the periphery of 
which is bevelled to correspond with the seat, furnished 
with guides at its under side, and on the top side a spindle 
working in a guide above ; and between the valve-plate 
and the bottom of the guide are placed alternately india- 
rubber riogs and small round cast-iron or gun-metal 
washers ; this arrangement forms a buffer spring, which 
diminishes to the least degree the knock produced by the 
valve at the end of its lift, it also assists the valve in 
closing on the return stroke — a most important feature, 
thereby adding an increased efficiency of the pump by 
reducing the amount of slip. Short indiarubber tubes 
are sometimes used in place of the rings and washers, also 
steel and brass springs, according to the chemical properties 
of the fluid to be raised by the pump. In all cases where 
springs are used a certain free lift should be given to the 
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valve, and the remainder should be obtained by the com- 
pression of the rubber rings or springs. 

The surface of contact between the valve and its seat 
should be made perfect by grinding-in the valve after the 
seat has been fitted into its place. When both the valve 
and seat are of metal, without the intervention of loose 
beats, the valve and seat should be made of the same 
metal, otherwise a galvanic action is produced, causing 
corrosion of that surface, forming the positive element. 

The spindle or spill-valve is represented by Fig. 27, 
Plate VI. It is similar to the last mentioned, with the 
exception that the guide on the under side consists of a 
round spindle or spill, working in a boss in the centre of 
the seat, fixed to the latter by ribs or webs. The objec- 
tion to this valve is that the boss and its ribs take up a 
large portion of the waterway. 

Sometimes these valves are made with a cone or hemi- 
sphere instead of a convex disc, as shown in Fig. 26, 
Plate VI. 

A very useful valve for impure or thick fluids, such as 
tar, treacle, paper pulp, tan liquor, &c., is depicted in Fig. 
28, Plate VI. It has a perpendicular lift, but, as will be 
descemed, has not any guides. It consists simply of an 
inverted bell without a clapper, hence its name, bell- 
valve, beating on a slightly countersunk seat. The 
bottom of the bell is made heavy, so that the centre of 
gravity is always below the bottom of the seat, guides 
not being then necessary. The top part only requires to 
be turned. 

Another valve suitable for pumping sewage is illustrated 
in Fig. 29, Plate VI. It consists of an annular ring, 
which slides up and down a cylindrical guide secured to 
the valve-box cover, round the bottom part of the valve 
outside is secured a hard wood ring ; to the inside of the 
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Beat is also secnred another hard wood ring, and the valve, 
instead of beating on the top of the seat, enters into it, to 
cut off any stringy matter that might be on the seat when 
the valve closes. The valve is prevented from rising too 
high by its ring coming in contact with the cover, and 
prevented from dropping too low by the ledge at the 
bottom of the guide cylinder. 

DaubM)e(U Valves. — These valves are either of gun- 
metal or cast iron, the latter being mostly used for large 
valves. They have two beats ; one at the top, and one at 
the bottom : the area of the top seat should not be less 
than one-half the area of the bottom beat. In most of 
the London waterworks' pumps white-metal beats are 
employed; wood beats are frequently used, and of this 
class lignum vit», with the grain upwards, is the best, but 
beats made of the best English bark-tanned leather fixed 
to the valve and beating against a gun-metal seat are 
without any doubt the most durable valves for heavy 
pumping. Valves of this construction have been working 
for twelve months under heads of from 600 to 1000 feet in 
dirty water without requiring new leather beats. 

This valve is illustrated in Fig. 80, Plate VI. The 
seating consists of a circular ring, on which the lower 
part of the valve beats, and a circular plate of about one- 
half the area of the bottom ring, on the outer edge of 
which the upper part of the valve beats ; on the upper side 
of the top plate is cast a spindle, which rests against a 
boss on the under side of the valve-box cover. These two 
plates are joined together by three or more ribs or webs, 
according to the size of the valve. The valve itself may 
be described as a double cylinder, one contained within 
the other, but forming one entire piece, open top and 
bottom, the area of the top opening being less than one- 
half the area of the bottom one. A boss is provided above 
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this cylinder, joined to it by three or more ribs, to form a 
guide working on the spindle at the top of the seat. The 
ribs should be put at such an angle, that the influx of 
water causes the valve to slightly rotate every time it 
risee and falls. 

It is necessary to be particular in the measurements of 
the areas of the two seats, for the calculations relating to 
the suction and delivery valves. The diameters should 
be measured thus : — Take the inaide diameter of the lower 
seat, and the mUtide diameter of the upper seat to deter- 
mine the area upon which the water acts in opening 
the valve. If we assume the exterior diameter of the 
upper seat to be 9 inches, and the interior diameter of 
the lower seat to be 11 inches, then the difference of area 
will be: 

95-033 - 63-617 = 31*416 square inches, 

and this represents the area upon which the water must 
act in opening the valve. 

A valve of such dimensions would weigh about 100 lbs., 
hence the pressure requisite to open the suction valve 
would be : 

100 ^„ . , 

^^ ..^ = 3 lbs. per square inch. 
0I-4I0 

In this calculation no allowance has been made for the 
reduction of pressure requisite to open the valve due to 
the fact of its immeision in water ; this reduction woiQd 
amount to about one-seventh of the weight. In the case 
of the upper valve there is, of course, the weight of the 
column of water upon the valve to be overcome in opening 
it in addition to its own weight. 

The column of water thus acting upon the delivery 
valve is annular, having a base bounded by two circles, 
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the smaller being equal to the diameter of the inside edge 
of the top beat, and the larger circle being equal to the 
outer edge of the bottom beat. When the valve is open, 
this last element may be regarded as not acting upon it, 
as it will with the rest of the water be flowing away, 
driven by the stream issuing from the pump. 

The amount of work actually done in opening the valve 
is, of course, equal to its specific weight multiplied by 
the distance through which it is raised. 

Taking the weight of each valve as 100 lbs. and its lift 
2 inches, we find the amount of work done throughout the 
stroke for each valve thus:— -Obtain the specific weight 
of each valve by subtracting from it one-seventh of its 
weight : 

^ = 14-28; then 100 - 14-28 = 85'72 lbs., 

the lift of the valve = 2 inches = - foot, 

o 

hence the work done will be 

85-72 X ^ = 14-286 foot lbs. 



for each valve, and for the two valves at each stroke it 

will be 

14-286 X 2 = 28-572 foot lbs. 

If we, for example, take the area of the pump plunger 

to be 1 square foot, the stroke 8 feet, and the head of 

water against which the pump is working 100 feet. The 

quantity of water raised at each stroke of the engine will 

then be 8 cubic feet ; and as 1 cubic foot of water weighs 

62J lbs., the weight of water raised by the engine each 

stroke will be 

= 62i X 8 = 498 lbs.; 
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this load being raised to an average height of 100 feet, 
the amount of work done equals 

498 X 100 = 49,800 lbs. per stroke. 

From this amount must be deducted the power absorbed 
in opening the valves, viz. : 28 • 572 foot lbs. 

49,800 : 28-572 = 100 : 0-057 per cent. 

This is to all appearance the work absorbed by the 

valves; but it is evident that more is lost, because the 

valve is kept open during a period equal to the time 

occupied by the up-stroke of the plunger by means of the 

water passing through it ; and although it may be chiefly 

in the form of friction, yet the work is lost, and does not 

appear in the useful effect. 

Allowing for the reduced weight of valve due to its 

immersion, it is found that the pressure required to keep 

3 
it suspended is 3 — = = 2 • 572 lbs. per square inch, which 

represents the difference between the pressure above and 
below either valve, when open, and which must of course 
act over the whole area of the pump plunger. 

The pressure due to a column of water of 100 feet in 
height 

= 100 X 0*433 = 43*3 lbs. pressure per square inch, 

and the percentage of pressure added to this will be 
43-4 : 2-572 = 100 : 5-9 per cent., 

or nearly 6 per cent, of the work done by the engine. 

Let us now compare this loss with that of an ordinary 
clack delivery valve of the Butterfly type, 20 inches in 
diameter, the extreme opening of each clack being 6 inches, 
and the height of delivery column 100 feet, above the 
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valve, then the pressure of water will be 

= 0-433 X 100 = 43-3 lbs. per square inch; 

the area of each clack will be 

20 X 20 
= g — X • 7864 = 167 square inches, 

hence the total pressure exerted by the water on each 
clack will be 

= 43-3 X 167 = 6798-1 lbs. 

Assuming the valve-clack to weigh 300 lbs., the total 
weight in action on each clack will be 

= 6798-1 + 300 = 7098-1 lbs. 

The work done by the descent of this weight will be 
equal to its intensity (7098-1), multiplied by its mean 
distance of fall in feet, which must be calculated from the 
centre of gravity of the semicircular dack. The centre 
of gravity of a semicircle is nearly 0*426 of the radius 
distant from the diameter bounding the semicircle ; henoe, 
in the present case, the space passed through by each part 
of. the clack being proportional to its distance from the 
diameter, and the extreme space being assumed at half a 
foot, the work done on each clack will be 

= 7098-1 X 0-5 X ^lLi5^JJ^f£ = 1608-34 lbs., 

and the total work expended on the valve seating due to 
the action of the two clacks will be 

= 1608-34 X 2 = 3016-68 foot lbs. 

The advantages of this valve are its diminished rise, 
which reduces the concussion, also its lower percentage of 
'' slip." It has, however, the objection, when it beats on 
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hard faces, that from tho oircnmstance of the two faces 
being inseparably connected, any dirt, grit, or foreign 
matter getting between either of the beats will cause 
considerable leakage in both. 

In all valves of this kind the ribs at the top of the shell 
or the valve itself should be inclined a little from the 
perpendicular, so that the water in passing through the 
openings may impart to it a gradual circular motion, 
which tends to keep the beat perfect, and prevent the 
formation of grooves. 

There are many variations of this class of valves, but 
the difference is so slight that it is not necessary to 
illustrate or describe them in this little work. 

A valve of the multiple beat description is shown in 
Fig. 31, Plate YL It has three beats, and consists of a 
seat securely fixed in the bottom of the valve-box or clack- 
seat ; in the centre of this scat is formed a boss, into which 
is fixed a centre-spindle, upon which works three sepa- 
rate valves of the annular type, the bottom one beating 
on its seat, the top side forming a beat for the second 
one, and so on, the top valve is furnished with a boss 
having a covered top to prevent leakage through the 
same. 

It is evident that a valve of the ordinary construction 
must be lifted from its seat three times as high as this 
valve in order to allow the passage of the same quantity 
of water, in the same time, and under the same pressure ; 
because in the rising of this valve each portion opens 
separately, and consequently has to lift but one-third of 
the total height ; also from the fact of there being a ring 
of water between each part, they will shut uniformly 
together until the lower part reaches its seat, when it 
becomes a seat for the next, and so on progressively, 
reducing the concussion in proportion to the number of 

D 
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The diameter of the ball is found by multiplying the 
diameter of the seat opening by 134 and divide by 100> 

\V here cxild water is being pnmped these balls may 
with advantage be made entirely of indiarubber. Valves 
with gun-metal balls have been osed for air compressors. 
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REMARKS ON DESIGNING PUMP-VALVES. 

Clack-Valves. 

All comers against whicli leather, indiambber, vul- 
canised fibre, or canvas works, should be carefully rounded, 
to prevent any cutting edges. 

Great care should be taken in the selection of the 
leather, when used either for hinges or simply for a 
valve facing ; for hot water containing copper in solution 
only the very best bend hides should be used. Good 
leather, being hard in texture, of a light colour, and pre- 
senting a shiny appearance when cut with a knife, 
rnferior hides are dark coloured, approaching a brownish 
yellow, and are inclined to sponginess. The harder and 
firmer the leather the better. In cutting out clack 
leathers the best portion should be reserved for the front 
of the clack, where the beats wear most. Leather-hinged 
clacks often give way at the hinge ; attention, therefore, 
to the quality of the leather for that part is necessary. 

The clack when open should make an angle of 80 de- 
grees with its seat, and should never be allowed to exceed 
an angle of 60 degrees upon any consideration. 

The width or lap of beat, that is, the part of the valve 
which rests on the seat, should be -j^th of an inch for 
every inch in diameter of the seat opening ; for example, 
a 10-inch valve should be 12 inches in diameter, having a 
lap all round of 1 inch. 

The clack should be allowed to lift perpendicular from 
its face or seat before it commences turning on its centre 
orpin. 
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Mitre-Valves. 

The angle of the mitre or bevel of the edge of the valve 
is usually made at an angle of 45 degrees, for it has been 
found that if the angle be greater the valve has a ten- 
dency to set in its seat, and if less, an unnecessary space 
is given to the valve, and a greater pressure will be re« 
quired to open the valve when closed. When these 
valves are used in air compressors the angle is sometimes 
made 60 degrees. 

The width of the beat should never be made more than 
i of an inch for the largest size, and for small sizes y^ of 
an inch is sufficient. 

The diameter of the top plate of the valve should 
never be made larger than the largest diameter of the 
mitre in the seat. 

If the valve is provided with a spindle on the top or 
bottom, the valve should always be oast with the spindle 
downwards, to ensure the casting being sound. 

Great care should be exercised when designing metal 
valves of any description to have uniformity of thickness 
throughout it, and if any inequality is necessary, it 
should be made gradually, so that there will be no danger 
of drawing when the casting is cooling. 

The lift of these valves should always be made as little 
as possible, to reduce the banging or hammering of them 
against their seats; in order to give the valve opening 
the same area as the seat, the valve should lift one-fourth 
of the seat's diameter, that is, a 4-inch valve should 
be allowed to lift 1 inch. If the diameter can be in- 
creased a less lift can be given ; this is a most desirable 
feature, to increase the diameter of the valve and reduce 
the lift. The flow of water through the valve opening 
should not, if possible, exceed a speed of 200 feet per 
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minute. For heavy lifts the valve ought not to be 
allowed to lift more than one quarter of an inch. 

The size of the valve-box for this class of valves can 
readily be obtained by adding the area of the outside 
diameter of the valve-plate to the area of the seat, the sum 
of these being equal to the area of valve-box required. 

Valve Beats. — ^The valve beats are made of a composi- 
tion of lead and tin, wood, leather, or guttapercha. 
Almost every kind of wood has been tried, the best being 
birch, holly, and lignum vitce ; oak will not do, on 
account of the tannic acid present. When the beats are 
of metal, they must both be made of the same metal, or 
else a galvanic action will take place, which will eat 
away the most magnetic metal. When loose beats are 
used they should be fixed in the valve, not in the seat. 

Valves with perpendicular lift should have all the ribs 
and guides a little inclined from the perpendicular, that 
the water in passing through the waterway may give the 
valve a gradual circular motion, which tends to keep the 
beats perfect and prevent the formation of grooves. An 
inclination of half an inch in 6 inches is enough. 

Indiarubher Vahes, — The indiarubber disc should fit 
easy on the spindle, otherwise it has a tendency to break 
at the centre. 

The guard should be of such a size that when the 
indiarubber strikes against it it cannot bend again round 
the edges, otherwise the disc will soon break round the 
periphery. The guard should be made two thicknesses 
of the rubber, less in the diameter of the disc ; thus a 
disc 10 inches in diameter, i aa inch thick, requires a 
guard 9 inches in diameter. 

The disc should be allowed to lift on the spindle from 
i inch to ^ inch, according to the diameter of the valve, 
before it is stopped by the guard. 
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• 

A good radius for the curvatnre of the guard, with the 
before mentioned lift given to the di^c, is the diameter of 
the disc ; thus for a 10-inch disc ^ of an inch free lift, the 
radius of the guard will be 10 inches. 

All holes in the guard and grid should be well rounded, 
sharp comers presented to the indiarubber should be 
avoided. 

For heavy pressures the width of the openings in the 
grid should be made equal to the thickness of the india- 
rubber disc, which should be proportioned to the height 
of the lift, and varies from f to 1 inch and upwards in 
thickness, according to the quality of indiarubber used. 

The ordinary indiarubber disc valve will not work 
economically with a heavier pressure than 250 feet head, 
but the rotating disc valves have worked for three years 
under a pressure of 490 feet and even then were in good 
working condition. 

Quality of Indiarubber. — For cold water pure india- 
rubber is probably the best, but for ordinary pump-valves 
the indiarubber with a specific gravity half heavier than 
water is the best, because pure rubber is so light that the 
discs have to be forced down by the returning pressure of 
the pump on the suction-valve, and the rising column od 
the discharge or delivery valve. 

Ball-Valves. 

The beating surface for ball-valves made of indiarubber, 
or metal covered with indiarubber or guttapercha, should 
be very broad, to prevent the indiarubber being cut ; if 
this is attended to and no sharp edges are left on the seat, 
a good indiarubber ball will wear perfectly even all 
round. 

If the ball is made of gun-metal the beating-surfaoe 
need not be quite as bi'oad« 
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The ball-valve will not work well against a heavier 
pressure than 200 feet head. 

Valves nsed for hot-water pumps should be made one- 
h&lf larger in diameter than the piston, or instead of one 
large valve several small ones, with an aggregate area cor- 
responding to the same, in order to obtain a large water- 
way and a very small lift of valve. 

When gritty or muddy water is pumped, there should 
be a chamber or recess formed in the valve-box round the 
valve seat, no matter what class of valve, to allow the 
grit, mud, or other impurity to gravitate into it, keeping 
the valve seat clear. A sludge-cock should be provided, 
so that the sediment can be blown-off at intervals. 
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MATEEIALS OF WHICH PUMP - VALVES 
SHOULD BE MADE, AND CLASS OF 
VALVES FOR DIFFERENT LIQUIDS. 

For Strong Acids, a flat piece of wood loaded with lead 
and guided at the sides, is by far the best ; in some cases 
lead or glass seats with guttapercha discs have been used 
with advantage. • 

For Ammoniacal Liquor, the cast malleable iron mitre- 
valve is generally used, and sometimes the mechanically 
moved piston-valve. 

For Anthracene Oil, cast malleable iron mitre- valves. 

For liquid Asphalt, cast malleable clack-valves, or 
mechanically moved piston- valves. 

For Benzole, gun-metal mitre valves or gun-metal clack 
valves. 

For Benzoline, the gun metal mitre- valve is recommended. 

For Bilge Pumps, or other ship purposes, where salt water , 
has to be pumped, gun-metal valves of the mitre type, or 
clack-valves of gun-metal, are largely used. Indiarubber 
ball-valves have also been frequently employed. The 
best alloy for the gun-metal consists of: — 

Copper .. 88 per cent. 

Zinc 2 



Tin 10 



» 



>» 



For Breweries, any class of valve will do, but clacks are 
very sluggish in their action, consequently allowing a 
great deal of slip ; they should be made of gun-metal. 



PRACTICAL HANDBOOK ON PUMP CONSTRUCTION. 43 

For Creosote, cast malleable iron clacks or mitre- valves. 

For Fire Engines, almost any type of quick closing valves 
will do; some makers prefer rectangular clack valves, 
with indiarubber rings, to ensure a quick closing ; others 
use indiarubber disc valves ; and again, one or two firms 
employ indiarubber ring valves of the "Field" patent 
type. 

For Gelatinous Fluids, not containing acid, gun-metal 
clack valves ; but if there is acid present a large propor- 
tion of lead should be used in the gun-metal alloy. 

For Glutinous Fluids. If the fluid is very thick, me- 
chanically moved piston-valves, or clack-valves made of 
cast iron, or the bell- valve, will be found to answer re- 
markably well ; but if very thin, cast malleable iron mitre- 
valves will do. 

For Hot Water, gun-metal mitre valves and specially 
prepared indiarubber discs, also vulcanised fibre manu- 
factured for that purpose. 

For Hydrochloric Acid, mitre valves of Hargreave and 
Eobinson's patent white metal, or an alloy consisting of : — 

Lead 1 pound 

Tin 1 ounce 

Antimony.. .. • 1 ounce, well mixed together. 

For Milk of Lime, gun-metal clack valves or bell valves. 

For Mines, The classes of valves mostly used are the 
Clack and Butterfly valves, on account of cheapness and 
ease in repairing. The double clack-valve, illustrated in 
Fig. 20, Plate V., and described on page 24, is very good ; 
but the double-beat valve made of gun-metal with leather 
beats fixed on the valve (not on the seat), is the best for 
moderate size pumps ; they have been known to work 
well for twelve months under heads of 600 to 1000 feet in 
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dirty, gritty water, without new leather beats being 
required. 

For Naphtha, cast iron or cast malleable iron mitre- 
valves. 

For Oil, gun-metal mitre or clack valves. 

For Paper Pulp, cast-iron bell valves, cast malleable bell- 
valves, or wrought or cast malleable clack-valves. 

For Sewage, The best valves for sewage are the clack- 
valves ; they should be made in groups of several small 
ones, having a collective area equal to one-and-a-half 
times the area of the plunger ; the valves should be rect- 
angular, from 4 inches by 9 inches to 9 inches by 18 inches. 
The valves should be made of cast or wrought iron faced 
with leather or vulcanised fibre. For small sewage pumps 
the bell-valves answer well. 

For Sugar solution and Treacle, the clack-valves or 
mechanically moved piston-valves are the best ; the clack- 
valves act best when they are hung at an angle of 70 
degrees to the horizontal line; they should be made of 
gun -metal beating against gun-metal seats. 

For Tan Liquor, gun-metal bell or clack valves, but the 
alloy must possess a great portion of lead, on account of 
the tannic acid present in the oak bark contained in the 
liquor. 

For Tar, the best valves are the mechanically moved 
piston- valves, or the mitre-valve type made of cast mal- 
leable iron. The bell-valves have also been found very 
serviceable for tar. 

For ordinary small pumps for raising Water, the most 
appropriate are of the gun-metal mitre type, indiarubber 
disc valves, and leather clacks. Indiarubber ball valves, 
loaded in the interior with lead, have been U£ed for 
elevating water containing sand and grit. 

For Waterworks, the best valves for small pumps with 
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little lift are gun-metal mitre valves with gun-metal beats 
and seats. For small pumps with heavy lift, gun-metal 
mitre valves and seats with guttapercha beats. For pumps 
of a moderate size, Cornish gun-metal double-beat valves 
with gun-metal seats and beats. For very large pumps, 
multiple beat valves with wood or white metal beats 
should be employed. 

Pump Buckets. 

There are as many varieties of pump buckets as there 
are different cWses of valves; the Author will therefore 
confine himself to a few of the most commonly used, 
giving a sample of each class. 

Figs. 39 and 40, Plate VIL, illustrate an ordinary hand 
pump huckety packed with a cup-leather. It will be seen 
that it consists of a body casting, formmg a boss at the 
top, into which the bucket-rod is screwed ; by means of a 
ring screwed on the bottom of the body the cup-leather 
is secure. The valve consists of a piece of leather fixed 
firmly to the bucket body by means of two screws, and the 
leather is furnished with a top and bottom plate secured 
by a centre bolt and nut or rivet, the bolt being the best, 
as a new leather can be easily put in its place when the 
old one requires renewing. A stop should always be pro- 
vided, to prevent the valve rising too high ; this can be 
done by allowing the bucket-rod to protrude sufficiently 
below the boss, into which it is screwed, or by making 
the projection on the under side of the boss, as illustrated. 

Figs. 41 and 42, Plate YIII., are illustrations of a bucket 
fitted with buttei-fiy clacks. The arrangement of the 
clacks is identical with those in the valve (Figs. 20, 21, 
and 22, Plate Y.). This bucket is made of brass, and the 
lids faced with leather, the hole in the bucket-rod, through 
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which the hinge-pin passes, is slightly oblong, to allow 
the clacks to lift perpendicular in opening; the pin is 
secured endways by a cotter ; but should the cotter by any 
means slip out of its place, the hinge-pin cannot get out 
so long as the bucket is in the working-barrel. The top 
part of the bucket is made large enough to fit the working- 
barrel. The hoop at the bottom of the bucket is also turned 
to fit the working-barrel. The leather is placed on the 
bucket in the usual manner, and covered by the hoop below; 
by this means the leather is prevented from wearing on 
one side of the bucket, as sometimes occurs, and the leather 
acting solely as the- water-tight joint between the flange 
on the top and the hoop on the bottom of the bucket. 
The bottom ring is kept in its place by a cross-piece and 
cotter. 

The ordinary clack bucket, as used in the Cornish pumps, 
is shown in Figs. 43 and 44, Plate YIII. It consists of a 
bucket-shell or body, usually made of cast iron, but of 
brass when acidulated water is being pumped ; the outside 
of this shell is covered with a leather ring, and the bottom 
part of this ring is surrounded by a wrought-iron ring, 
held in its place by a cross-bar and cotters ; through the 
former passes the fork end of the pump-rod, which is held 
to the bucket by the same cotters. The valve is of the 
ordinary clack type, made to lift freely in the guides before 
it is allowed to turn on its pins. 

A bucket fitted with Indiarvbher disc valve is depicted 
in Fig. 45, Plate VIII., the packing rings in this case being 
made of gun-metal, forced against the face of the working 
barrel by means of a spiral spring. I'he grid or grating, 
the bucket-shell and the valve-guard, are all held firmly 
together between a fixed collar on the top side of the 
bucket-rod, and a nut and cotter at the bottom. 

A bucket fitted with hemp packing is shown in Fig. 38, 
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Plate YII. ; it oonsists of a bucket-shell secured on the 
bucket-rod by means of two nuts; the valve is of the 
conical perpendicular lift type, guided by the bucket-rod, 
which latter is enlarged at that place, and a fixed collar on 
the rod determines the lift of the valve. A ring fitting 
the top part of the bucket-shell is famished with three 
legs, joined at the top by a boss bored to fit the bucket-rod. 
The packing consists of hemp plaits, dipped in tallow 
prior to its being plaited; the hemp plaits are carefully 
twisted round the bucket-shell and pressed together be- 
tween the ring and the collar provided round the bottom 
of the shell by means of the nut above the boss of the 
ring. 
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REMARKS ON PUMP BUCKETS. 

The buckets should always be made of the same 
material as the pump valves. 

The bucket valves should always, if possible, be of the 
same type as the suction and delivery valves. 

The cup-leathers should be most carefully made of the 
very best leather that can be procured ; this will be found 
to prove the cheapest in the end. 

The same remarks on the leathers for the valves, on 
page 37, also apply to the bucket leathers and valves. 

PUMP PISTONS. 

The most common pump piston is illustrated in Fig. 46, 
Plate YIII. It consists of two cast-iron or gun-metal 
plates, turned all over, and bored at the centre to fit the 
pump-rod; another plate of gun-metal, turned all over 
and bored out to fit the piston-rod in small pumps, but in 
large ones it is bored to fit a boss or nipple on the inside 
of the two outside piston-plates ; between 4iiese two plates 
is fij^ed the cup leathers ; the outside plates must be care- 
fully rounded at the comers, which fit against the cup 
leathers, and the centre plate must also be turned to 
accurately fit the outside comers of the leathers, this 
prevents them altering their shape at each reciprocating 
motion of the pump piston. The leather of which the 
cups are made should be selected from the very best 
English oak-bark-ta,nned bend hides, and carefully pressed 
in a mould. For description of the process of making 
the cup-leathers, see page 52. 
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A very good packing for pump-pistons raising gritty 
and dirty water is illustrated in Fig. 47, Plate VIII. It 
consists of two piston-plates of cast iron, between which 
are fixed rings made of the best bend leather hippopotamus 
hide. The leather rings are put in their places, the piston 
fixed on the rod, and the nut tightened up, afterwards the 
whole is put in a lathe, and the leather turned perfectly 
true. This packing wears better than any other in gritty 
water, and is in daily use in many collieries. 

Another type of pump-bucket is iUustrated in Fig. 48, 
Plate IX. It consists of two piston-plates, turned in the 
groove for metallic packing rings, instead of leather packing, 
and bored out to fit the pump-rod. In this and all the 
other types of pump-pistons the rod is usually reduced in 
diameter on that part which passes through the piston, 
and the end beyond the back of the piston is screwed and 
provided with a nut, which latter is prevented from 
working loose by a split pin or cotter, passing either 
through the nut or just behind it ; in that case the rod is 
weakened, first by turning it less in diameter, secondly by 
screwing it for the nut ; again, it forms of necessity, a very 
small shoulder, which, if the piston is the least slack on 
the rod, soon works itself into the piston, and causes a 
leakage. The best way of securing the piston on the rod 
is that shown in Fig. 46, Plate YIII., which consists of two 
nuts ; the piston-rod is screwed up, and one nut screwed 
on tight and secured by a split pin driven through the 
nut ; the piston-plates are next put on to the rod, and then 
the second nut is screwed on, and prevented from getting 
loose by a taper-split cotter, the cotter hole being made 
long enough for tightening in case of wear. This style of 
fastening the piston on the rod has the double advantage 
of forming a large shoulder, and only weakening the rod 
by screwing it for the nut. The packing rings are made 

E 
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in different ways. The simplest form is shown in 
Fig. 48, Plate IX. They consist of two cast-iron or 
gun-metal rings (according to the class of liquid to be 
pumped) turned a little larger in diameter than the 
bore of the pump-barrel, and cut across at an angle of 
45 degrees. 

A more complicated and expensive class of packing is 
illustrated in Fig. 45, Plate YIU. It consists of two rings 
of gun-metal ; these rings put together form a channel, 
into which is put another ring cut into a spiral, this latter 
ring presses the two cuter rings laterally, and by that 
means make a tight joint between the piston-plates and 
the outer rings. The two outer rings are made larger in 
diameter than the bore of the barrel, and are cut across at 
an angle of 45 degrees ; there should be in both cases a 
small peg fixed in each of the outer piston-plates, so that 
the cross cuts of the two rings do not come in a line, and 
to prevent the rings from turning round. 

Another good metallic packing ring consists of one broad 
ring only, turned a little larger in diameter than the bore 
of the working-barrel ; it is, in the manner shovni in Fig. 
49a and b, Plate IX. The opening should be the same 
as the difference between the circumference of the ring 
before it is inserted into the working-barrel and the cir- 
cumference of the working-barrel. The process for making 
this ring is as follows : — First mark off and drill holes, as 
indicated by the dotted circles in Fig. 49a, Plate IX.; 
next saw it along the dotted line, joining the two rows of 
holes ; then file it until it assumes the shape shown in full 
lines in Fig. 49b, Plate IX. 

All these types of metallic packing rings must be turned 
all over and carefully fitted into the recesses in the pistons. 
The separate plates of the pistons are held together by the 
nut on the piston-rod in small pumps, but the large pump- 
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pistons are fitted with junk rings, like ordinary steam- 
pistons. 

The simplest pump-piston is illustrated in Fig. 51, 
Plate IX. It consists of a plain cylinder, turned all over, 
bored and fitted to the piston-rod ; a series of recesses or 
grooves are next cut round the circumference. This 
piston acts very well for small quick-running pumps ; the 
leakage is very little, because the loss of energy of motion 
of the fluid at each sudden enlargement of the annular 
spaces is very great, and therefore does not give the liquid 
time to pass between the piston and the circumference of 
the pump-barrel. 

The last type of piston necessary to mention in this 
little work is shown in Fig. 50, Plate IX. It consists of 
two castings, turned and fitted, and bored accurately to 
fit the pump-rod. It will be seen that there is a groove 
formed between the two castings, into which is carefully 
twisted plaited hemp steeped in tallow. The packing is 
tightened up by the nut on the piston-rod. There must 
be two holes drilled and tapped into the back piston-plate 
to facilitate the removal of it, two hand screws can be 
inserted for the purpose when the piston requires to be 
repacked. - 

In some designs for this class of packing the piston 
consists simply of one casting turned with a simple 
groove round the circumference, without any means of 
adjustment. 
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CUP-LEATHEKS. 

The simplest form of monld for making cup-leathers is 
illustrated in Figs. 52 and 53, Plate IX. 

In making the cnp-leathers, the grain of the leather, 
that is, the outside of the hide, must be the working side. 
The leather should be carefully selected from the very best 
bark-tanned hides, the most suitable portion being the hard 
part of the butt for large leathers, and the shoulders for 
small leathers. The soft inner portion must be removed 
with great care by a sharp knife or a plane. Cut out a 
circle the size required for the leather and a hole in the 
centre to fit the bolt (this bolt forming the guide for the 
leather), then the piece must be carefully gauged, and 
if it is not equal thickness all over it must be planed 
until it is. When an even thickness is obtained the 
leather must be steeped in soft water until it is soft and 
flexible. While in this condition place the leather on the 
top of the collar, the die on the top of the leather, and the 
centre-bolt through the whole ; then tighten the nut very 
gradually, until the top die is screwed down to the 
bottom. The mould mu6t then be left to allow the 
leather to become thoroughly set. Then fix the leather 
in a lathe and by means of a shape-chisel or leather-knife 
cut it level, and bevel off the inside edge. When com- 
pleted it shotdd be well greased with tallow to keep it 
moist and ready for use. 
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AIR-VESSELS. 

The pnrpoBe of the air-vessel is to oorreot the intermit- 
tent discharge of the water into a oontinuons one, in order 
to prevent the cononssion to the machinery caused by the 
force required to overcome the inertia of the water, and 
to~ economise the power of the engine by keeping the 
water in constant motion, thereby increasing the delivery 
of water when the pump-pipes are smaller than the pump- 
barreL By the use of the air-vessel small delivery pipes 
already fixed may be retained when larger pumps or 
working-barrels are required. Where the lift is high and 
the delivery pipe large, as is the case of large pit pumps 
in mines, there is no necessity for air-vessels. 

For size of air-vessel required for different classes of 
pumps, see Bules and Formulas, page 62. 

There are three distinct classes of air-vessels : one con- 
sists of a large cylinder contracted at each end to the 
diameter of the rising main or delivery pipe, and having 
a pipe inserted for the delivery of the water. This pipe 
is brought nearly to the bottom of the chamber, leaving 
an annular space for compressing the air in ; this pipe is 
called the dip pipe. This class of air-vessel is not very 
good, because the air rising in the most direct way allows 
very little of it to rise into the annular space. 

The second class consists of a large pipe with a semi- 
circular or hemispherical top ; the bottom is closed and 
provided with one inlet and one outlet branch. 

The third consists of a large pipe with hemispherical 
top, provided with a branch at the bottom and another on 
the side. 
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The air-vessels are generally made oompletely of cast- 
iron. Sometimes a cast-iron base is used and the vessel 
proper made of wronght-iron and steel plates, riveted or 
welded together in the seams. 

In large air-vessels an arrangement should be made for 
charging it with air when the pump is working. In that 
case the air-vessel is divided into two parts longitadinally 
by a diaphragm. The bottom part is furnished with a 
blow-oflF cock. A pipe fitted with a wheel-valve if fur- 
nished, putting the bottom part of the top chamber in 
communication with the bottom part of the bottom 
chamber. Another pipe forms a connection betTveen the 
top part of the upper chamber and the top part of the 
lower chamber. This latter pipe is furnished with a 
wheel-valve for closing the communication between the 
two chambers, and below the valve is fixed, in the same 
pipe, a small valve communicating with the open air. 

The operation for charging the vessel with air is as 
follows : — 

Open the small valve communicating with the open air 
and the blow-ofif cock at the bottom chamber, to empty it 
of water and fill it with air. 

Close the air and blow-off cock. 

Open the valve which is fitted in the pipe communica* 
ting between the bottom of the top chamber and the 
bottom of the lower chamber, which causes the water to 
enter the bottom chamber from the top one. 

Then open the valve on the pipe communicating 
between the top of the top chamber and the top of the 
lower chamber ; this allows the air in the lower chamber 
to rise into the top of the upper chamber. This being 
effected, close all the valves. 

Should this not supply sufficient air, the prooess should 
be repeated. 
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A manhole is sometimes provided in large air-vessels for 
cleaniDg out mud and other sediment. 

A snifting valve should be provided on the highest part 
of the air-vessel, for replacing the air which has been 
absorbed by the water. 

A glass water-gauge should be provided to indicate the 
height of the water in the air-vessel. 
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RULES AND FORMULAS. 

To find the Load on a Pump : — 

Bute. — Multiply the area of pnmp in inches by the 
weight of the column of water in pounds per square inch. 

Example, — Pnmp 8 inches in diameter; depth of well 

30 feet :— 

8 inches diameter = 7*06 inches area, 

80 X 44 ,Q ^,, . , 

— TT^TT— =13*2 lbs. pressure per square inch, 

7*06 X 13 = 91-78 lbs. total pressure on pump. 

To find ike Force required to work the Lever of a Hand- 
pump : — 

The leverage of a pump-handle is usually 6 to 1. 
Bule, — Multiply the area of pump in inches by the 
weight of the column of water in pounds per square inch, 
this divided by the leverage of the lever equals the force 
required in pounds. 

Example. — Pump 8 inches in diameter; depth of well 
80 feet ; leverage of handle 6 to 1 : — 

8 inches diameter of pump = 7* 06 inches area, 
80 feet =18 lbs. pressure per square inch, 

7*06 x jg ^ jg.29 ^ 15J lY^ f^ii 
6 

To find the Force necessary to toorh the handle of a Pump 
actuated by crank and handle : — 

Bule. — Multiply the area of the pump in inches by the 
weight of the culumn of water to be lifted in pounds per 
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square inch, this diyided by radius of handle divided by 
the throw of pump equals the force required in pounds. 
The handle is usually 15 to 16 inches centres. 
Example, — Pump 4 inches diameter; stroke of pump 
8 inches ; radius of handle 16 inches ; depth of well 40 feet : 
4 inches diameter = 12 ' 56 inches area, 
40 feet head = 17*8 lbs. pressure, 
12-56 X 17*3 ^ 217-28 lbs. total pressure, 
8 inches stroke = 4 inches throw of crank, 

-^ = 4 times leverage, 

217-28 ^, „ 

— J — = 54-3, say 54^ lbs. 

To find ike Force necessary to toorh the handle of a Pump 
actuated by crank gearing and handle : — 

Bule, — Multiply the area of a pump in inches by the 
weight of the column of water in pounds per square inch, 
the result divided by the radius of handle, divided by the 
throw of crank multiplied by the proportion of gearing, 
equals the force required in pounds. 

Example. — Pump 4 inches in diameter; depth of well 
40 feet ; stroke of pump 8 inches ; handle 16 inches centres : 
4 inches diameter = 12*56 inches area, 

40 feet head = 17*3 lbs. pressure per square inch, 

12-56 X 17-3 = 217-28 lbs. total pressure, 
8 inch stroke = 4 inches throw of crank. 

Gearing 2 to 1. 

16 

-J- = 4 times leverage of handles and crank, 2 to 1 

gearing multiplied by 4 times leverage equals 8. 

217-28 

— - — = 27-1, say 27 lbs. force required, 
o 

A man turning a handle of a well frame will exert with 
comfort 20 lbs. 
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To find the Quantity of Water in gallons per minute delivered 
by a pump : — 

Bule, — ^Multiply the diameter of pump in incbes by 
itself and by 34, then by the piston speed of the bucket 
or plunger in feet per minute, and divide the result by 
1000. 

Example, — 4 inches diameter of pump; bucket speed 
100 feet per minute: — 

^ X 4 X 34 X 100 _ , 1 Kxi 11 
U)n(i ~ ~ nearly 64j gallons per 

minute. 

If the pump is tingle-acting the result has to be divided 

by 2. 

54i 

-^ = 27^ gallons per minute. 

If the piunp is trMe^tarrel one-half of the result must be 
added: 

54j^ -f- 27^ s 81} gallons per minute. 

If the pump is of the bucket and plunger^ or piston and 
plunger type, it must be taken as a double-acting pump, 
and the diameter taken must be the diameter of plunger,, 
not the bucket or piston. 

To find the diameter of the Punip, when ihe quantity of 
gallons required and the bucket speed are given : — 

Bute. — ^Multiply the bucket speed in feet per minute by 
84, and divide the result into the number of gallons to be 
raised per minute multiplied by 1000, and the square root 
extracted out of the product will give the diameter of 
pump required in inches. 

Example, — Bequired to raise 86 gallons of water per 
minute, at a bucket speed of 100 feet per minute : — 

\/ -qI TTwT = V26 = 6 inches diameter of pump 

required. 
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Approximate rule for quantity of water delivered hy 
Pumps: — 

Bute. — ^Multiply the diameter of the pnmp in inches by 
itself and by twice the bucket speed in feet per minute, 
the product will be approximately the quantity of water 
delivered by the pump per hour. 

Example. — Pump 4 inches in diameter, run at a piston 
speed of 100 feet per minute : — 

4 X 4 X 2 X 100 = 8200 gallons per hour. 

There is no account taken of has hy leakage or *' «2tp," 
nor friction in any of these rules; these vary greatly 
according to the class and oonditiun of pump, if it is 
working against a high or low lift and the *'slip" 
depending upon the class of valve used for the pump. 

For well designed direct-acting hori2M)ntal pumps, one- 
tenth should be enough for " slip,** for ordinary purposes, 
and 25 per cent, for friction, but when the suction is very 
long and the height to where the water is raised is great, 
one-third should be added; but if the pump is old and 
badly designed, as much as one-half must be added to the 
total amount required. 

In an ordinary direct-acting steam pump one-fourth of 
the power required should be added, but if the delivery 
height is very great and the pipe very long one-half 
should be added. 

To find the number of HorsC'power required to raise a given 
quantity of Water in gallons to a given height in feet : — 

Bute. — ^Multiply the given number of gallons of water 
to be raised per minute by 10 (which is the weight (^ one 
gallon) and by the height the water has to be raised in 
feety and divide the product by 38,000. 
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Example, — 100 gallons of water per minute to a height 
of 200 feet :— 

100_X10X200 ^ g torso-power. 
33000 ^ 

Note. — One-quarter to one-half should be added for 
friction. 

To find the number of Hone-power required to raise a given 
quantity of Water in gaUons to a given height in yards : — 

Jiule. — Multiply the given number of gallons of water 
to be raised per minute by 10 and by the height the water 
has to be raised in yards, and divide the product by 

11,000. 
Example. — 100 gallons of water per minute to a height 

of 100 yards : — 

^^ \im ^^ = ^ torse-power. 

To find the number of Horse-power required to raise a given 
quantity of Water in gallons to a given height in fathoms : — 

Bule. — Multiply the given number of gallons of water 
to be raised per minute by 10 and by the height the water 
has to be raised in fathoms, and divide the product by 
6500. 

Example, — 100 gallons of water per minute to a height 
of 100 fathoms : — 

100 X 10 X 100 



5500 



= 18 horse-power. 



To find the diameter of Cylinder required for a direct-acting 
steam pump : — 

Bule. — Mulptiply the area of pump-bucket or ram in 
inches by the pressure of water in pounds per square 
inch, and divide the product by the pressure of steam in 
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pounds per square inch, and add one-fourth to one-half 

for friction. 

Example. — 6 inches diameter of pump, 100 lbs. water 

pressure per square inch, 50 lbs. steam pressure : — 

6 inches diameter = 28 * 27 inches area, 

28-27 X 100 _ _ . , . ^ ,. _ 
^TT = 56 ' 54 inches, area of steam-oy under, 

add i = 56-54 + 14-13 = 70-67 = 9J inches diameter 
of steam-cylinder, nearly. 

To find the steam pressure required when the diameter of 
sieam-cylinderj diameter of pump-blinder^ and water pressure 
are given : — 

Bule. — ^Multiply the area of the pump in inches by the 
pressure of water in pounds per square inch, and divide 
the product by the area of cylinder, plus one-fourth for 
friction. 

Example. — 6 mches diameter of pump-cylinder, 100 lbs. 
water pressure per square inch, 70-88 inches area of 
steam-cylinder : — 

28-27 X 100 on Q , 1 AQ T 1 KA IV 

= 39.8 -h J = 49-7, nearly 50 lbs. pres- 

70* oo 

sure per square inch. 

To find the thickness required for cast-iron pipes when the 
pressure is given in pounds per square inch : — 

Btde. — ^Multiply the diameter of the pipe in inches by 
the pressure of water in pounds per square inch, and divide 
the product by 2000 or 3000, according to the quality of 
the iron. 

Example. — 10 inches diameter of pipe, pressure of water 

346 lbs. per square inch : — 

346 X 10 _ . 346 X 10 _ 

-^g^^- 173, or ^^Q -iia. 



/ 
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Suction and Delivery Pipes. 

The auction-^pe should be larger than the delivery pipe^ 
because friction is overcome in the mutionpipe by the 
atmospheric pressure only. In direct-acting steam pumps 
the mietion-pipe is usually made about one-half of the area 
of the working-barrel, but if the pump is quick-running, 
required for raising thick liquids, or is very long, it 
ought to be made larger ; in fact, in some cases they are 
made the same diameter as the working-barrel. In large 
Cornish plunger pumps the suction-pipe should be made 
large, as the suction-stroke is very quick, the rods being 
lifted by steam, and the water being forced up by the 
weight of the rods is rather slow. 

The delivery pipes are usually made one-third of the 
diameter of the working-barrel, but if the pump is quick- 
running or the pipe very long, they should be made half 
the area of the working-barrel. A good speed fur the 
water in pump-pipes is 200 feet per minute, but it should 
never exceed 400 feet per minute. 

Vacuum Vessel. 

If the suction-pipe is very long the vacuum vessel 
should be placed on it, as near the pump as convenient ; 
the air in it becomes expanded, and its elastic force causes 
the water to flow uniformly into the pump-barrel, and 
ensures it being properly filled at each stroke. The 
vacuum vessel should be at least twice the capacity of 
the pump-cylinder. 

Air-Vkssel. 

An air-vesael should always be provided for heavy 
pressures or long delivery pipes. For ordinary pumps it 
should be three to four times the capacity of each stroke 
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of the pump, but for very heavy pressures and fire-engines 
it should be double that capacity. 

The poaition of the air^vesael should be so ohosen that 
the absorbed air can be replaced by the pump. 

The neck of the air-vessel and vacuum vessel should be 
long and narrow, to prevent the water level in it being 
disturbed by the action of the pump. 

Spees) of Pumps. 

The speed of pumps varies according to circumstances 
and the class of liquid pumped. 

Ordinary direct-acting steam pumps run at from 100 to 
120 feet per minute. 

Single, double, and treble-barrel pumps from 45 to 80 feet 
per minute. 

Large pumps for mines run at an average speed of 
130 feet per minute. 

The best speed for large pumping engines is obtained by 
multiplying the square root of the length of stroke of the 
pump by 80. 

Size of Pump- Valves. 

The pump^valves should be so much larger than the 
pipes, as to give a clear waterway the same area as the 
pipes. 

Lift of the Valves. 

The lift should be as little as possible without causing 
too much frictional resistance to the water ; in any case 
the speed of the water through the suction-valve should 
not exceed 300 feet per minute. 

To find ike weight of cast-iron pipes approximately : — 

Bule. — For a pipe, 9 feet long, and 1 inch thick, with a 
flange at each end, allow 1 cwt. for every inch of the 
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diameter, keeping the thickness and weight proportional 

either more or less. 

Examples, — A 12-inch pipe, 9 feet long, flange at each 
end, 1 inch thick, will weigh approximately 12 cwt : — 

A 12-inch pipe, 9 feet long, flange at each end, | inch 
thick, equals 9 cwt. 

A 10-inch pipe, 9 feet long, flange at each end, ^ inch 
thick, equals 6 cwt. 
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HYDRAULIC MEMOEANDA. 

Weight of a cubic foot ofuxUer equals 62j^ lbs. 

Weight of a cylindrical foot of water equals 49 lbs. 

Weight of 1 gaUon of water equals 10 lbs. 

One ton of wcUer equals 36 cubic feet, nearly. 

One gallon of water equals 277^ cubic inches, full. 

Pressure in Iba. per square inch equals the head of water 
in feet multiplied by 434, and divided by 1000, or practi- 
cally '44. 

Head of water in feet equals pressure in lbs. per square 
inch multiplied by 2307, and divided by 1000, or practi- 
cally 2*3. 

For Waterworks. 

Allow 15 to 20 gallons of water per head of population 
per day in non-manufacturing towns. 

20 to 30 gallons per head in manufacturing towns. 

Maximum demand 2^ times the average. 

The mains should be large enough for double the 
average supply. 

Work done bt Men and Animals. 

Labourer turning a handle. — In working daily at a pump- 
handle, the average force is 14 lbs., moving at a rate of 
220 feet per minute, equivalent to 3080 foot pounds per 
minute. 25 lbs. at the handle for short periods ; but for 
continuous work a force of 15 lbs., moving through 220 
feet per minute. 

A labourer can 'turn the crank-handle from 25 to 30 
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times per minute, for a continiiance, exerting a pressure 
of 20 lbs. at the handle ; or he can apply a pressure of 28 
to 30 lbs. for a short time, or from 50 to 56 lbs. at an 
emergency. 

Labour of Horses. 

Horses Baising Water, — 23,412 foot pounds per minute 
for 8 hours a-day. 24,360 foot pounds per minute for 6 
hours a-day. 27,056 foot pounds per minute for 4J hours 
a-day. 32,943 foot pounds per minute for 3 hours a-day. 

A Mule working 8 hours will raise 10,000 foot pounds 
per minute. 

An Ass working 8 hours will raise 3500 foot pounds per 
minute. 

A pair of well-fed Indian Bullocks will raise 82 bags of 
water, 22 feet high in one hour, for a morning's work of 
4J hours. Each bag contains 4^ cubic feet of water, and 
the work is equivalent to 8000 foot pounds per minute. 

The speed of an Indian Bullock is 2 miles per hour. 

Length of a Bullock walk is 62 feet. 

Modulus of Pumps. 



Common lift pumps 


equal 


•60 


Pumps for drainage 


)» 


•60 


Fire engines 


99 


•57 


Pumps for mines and deep wells 


99 


•66 to 


Three-throw pumps 


99 


•76 


Waterworks pumps 


99 


•80 to 


Small centrifugal pumps 


99 


•25 


Medium size centrifugal pumps 






for low lifts 


99 


•50 


Large centrifugal pumps 


99 


•60 



76 
90 
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TABLES. 



TABLE I. 

QUANTITT OF WaTEB DiSCHABGED FEB MlNUTE BY SiNGLE-BaBBEL 

Pumps, from 2 to G-inch Diameter, at 30 and 40 Strokes per minute, 
9, 10 and 12-inch Stroke. 



Diameter 
of Pomp. 


9-Tnch Stroke. 
Gallons per Minute. 


lO-Inch Stroke. 
Gallons per Minute. 


la-Tnch Stroke. 
Gallons per Minute. 




30 Strokes. 


40 Strokes. 


30 Strokes. 


40 Strokes. 


30 Strokes. 


40 Strokes. 


in. 
2 


30 


4-0 


3-33 


4-44 


4-0 


5-3 


2i 


4-6 


6-25 


5-21 


6-94 


625 


8-33. 


3 


6-7 


8-93 


7-44 


9-92 


8-93 


11-9 


3J 


8-83 


12-2 


9-81 


13-55 


11-77 


16-26 


4 


11-96 


15-9 


13*28 


17-66 


15-94 


21-2 


4i 


15-2 


20-3 


16-88 


22-55 


20-26 


27-6 


5 


18-75 


25-0 


20-83 


27-77 


250 


33-33 


5i 


22-69 


30-25 


25-21 


33-5 


30-25 


40-33 


6 


27-0 


36-0 


30-0 


40-0 


36-0 


48-0 



^ ^ 
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AKTUT OF Water Dimjharoed fk 

Prups, from 2 lo Cinch Diameter, a 
i, 10 and 12-iDch Stroke. 









lO-lnch 


k 


H-Ipd. 






a.lli>n» pfrMtnt.lt 




G.li™>i«rMiBUie. 


otPump- 














30Stn>k«, 


tOSIraks. 


aoSlroka. 


«a»ok«. 


MSirgka. 


lOSttQt* 


2' 


6-0 


8-0 


6-66 


8-88 


80 


10-6 




3-;i8 


n 


ft 


10-42 


13 88 


12-5 






13-4 


IT 


HH 


14-88 


19-84 


17-86 


23 B 


ai 


17-6C 


24 


4 


19-62 


2710 


23-54 


32-52 




23-92 


31 




26-56 








41 


30-4 


4(1 




M-76 


45- 1 


40-52 


54- 12 




37-5 


S(l 





41-66 


55-54 


50-0 


66-66 


5i 


45-38 


6(J 


S 


50-42 


67 


60-5 


80-66 




51-0 


72-0 


600 


80-0 


72-0 


96-0 



) 



AKTiTT OF Water Dischaboed pi 

i'uHPA, from 2 to 6-inctk Diiunelcr, at 
}, 10 anil 12-iocli Stroke. 



Pi™«., 


9-liich Strolu. 
a.ll«^K per MLimle. 


Qsllons prr MlDuU. 


i2-I«4S™ke. 
QiUtam pa Ulnotft 




30Si™.« 


toSlmkea. 


30Slmk».| WSlrokr.. 


SBS^ok* 


«a»k-. 


1 




90 

14-7 
-20-1 

26-4;t 

3:1 -tsS 
Sl-0 


12 
IH 
26 
36 
17 
60 
75 




75 
79 
6 
7 
9 


75 



9-99 
15-03 
22-32 
29-43 
39-84 
50-64 
62-49 
75-63 
900 


13-32 

20-82 
29-79 
,40-65 
62-08 
67-65 
S3-31 
100-5 
120-0 


12-0 
18-75 
26-79 
35-31 
47-82 
60-78 
75-0 
90-75 
108-0 


15-6 
24-99 

35-7 
48-78 
63-6 
8111 
9999 
120-99 
144-0 
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TABLE IV. 

Total Pbbssubb in Pumps frou 2 to 6-Inoh Diahetbb. 

Delivebt from 10 to 200 Feet. 



Heioht op 



very. 


Diameter of Pamps. 


^? 


















«5 


Mnch. 


2i-Inch. 3-Iodi. 


Si-lQch. 


4-Incli. 


4*-Tnch. 


6-Inch. 


6|«lDCh. 


6-lDch. 


n. 


lbs. 


IbB. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


10 


13-4 


21-3 


30-6 


41-8 


54-5 


69' 


1 


85" 


3 


102-6 


128 


•8 


20 


27-3 


42-6 


61-4 


83-6 


109-1 


138- 


2 


170 


•6 


205-3 


245 


•7 


30 


40*9 


64-0 


92-1 


125-4 


163-8 


207- 


3 


256" 





308-0 


368 


6 


40 


54-6 


85-0 


122-8 


167-2 


218-4 


276- 


5 


341 


3 


410-6 


491 


■0 


50 


68-2 


106-0 


153-5 


2090 


273-0 


345 


•6 


426 


•6 


513' 3 


614 


•4 


60 


81-9 


128 


184-3 


250-0 


327-6 


414 


•7 


512 


■0 


616-0 


737 


3 


70 


95-5 


149 


2150 


292-0 


382-3 


483 


•8 


597 


3 


718-0 


860 


1 


80 


109-2 


170-6 


245-0 


334-5 


436-9 


553 


•0 


682 


•6 


821-3 


983 


1 


90 


122-8 


192-0 


276-0 


376-3 


491-5 


622 


■1 


768 





924-0 


1106- 


•0 


100 


136-5 


213-3 


307-1 


4181 


546-1 


691 


•1 


853" 


3 


1026-6 


1228 


•8 


no 


149-9 


234-6 


337-7 


459-9 


600-6 


760 


'2 


938 


6 


1129-2 


1351 


■6 


120 


163-8 


255-9 


368-5 


501-7 


655-2 


829 


•3 


1023 


9 


1225-9 


1474 


5 


130 


177-4 


277-3 


399-2 


543-5 


709-9 


898 


•4 


1109" 


3 


1328-6 


1597 


4 


140 


191-1 


298-6 


435-9 


585-3 


764-5 


967 


•6 


1194 


6 


1431-2 


1719 


8 


150 


204-7 


319-9 


460-6 


627-1 


819-1 


1036 


•7 


1279 


7 


1533-9 


1843 


2 


160 


218-4 


341-3 


491-4 


668-9 


873-7 


1105 


•8 


1365 


3 


1642-6 


1966 


1 


170 


2330 


362-3 


522-1 


710-7 


928-4 


1112 


•4 


1450 


'5 


1745-2 


2088 


9 


180 


254-0 


283-9 


552-8 


752-6 


983-0 


1244 


1 


1535 


'9 


1847-9 


2211 


9 


190 


259-3 


405-3 


583-6 


794-4 


1037-6 


1313 


-2 


1621" 


3 


1950-6 


2334 


•8 


200 


273-0 


426-6 


614-2 


836-2 


1092-2 


1382 


2 


1706" 


'6 


2053-2 


2457 


6 
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Pbbsbdbk or 


Watsr 


AT DiFmunr Huns n Lbs. fxb 




k 

I' 


i 


1 


1 


ii 




^1 


^1 

1^ 


ii^ 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
IJO 


3B3 
6-66 
100 
13-S 
16-6 
200 
23-3 
26-6 
30 
83-3 
36-8 
400 
433 
4C'C 


1'66 
3-33 
5b 
6-6t 
8-33 
100 
11-6 
13-3 
15-0 
16-6 
18'3 
200 
21-6 
23-3 


S W 
6'09 
914 
121 
15-2 
18-2 
21-8 
24-3 
27-4 
30-4 
33 -a 
36-5 
39-6 
42-6 


4-3S 
8-66 
12-9 
173 
21-6 
25-9 
30-8 
34-6 
38-9 
13-3 
47-6 
51-9 
563 
60-6 


150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 


50-0 
53-3 
56-6 
60-0 
63-8 
66-6 
70-0 
733 
76-6 
800 
83-3 
86-6 
90-0 
98-3 


250 
266 
28-3 
800 
81-6 
33-3 
35-0 
36-6 
383 
400 
41-6 
43-3 
45 
46-6 


45-7 
48'7 
51-8 
S4-8 

"' 

60-9 
64 
67-0 
701 
73-1 
76-2 
79-2 
82-2 
85-3 


64-9 
69-3 
73-6 
77-9 
82-3 
86-6 
80-9 
95'3 
99-6 
103-9 
1083 
112-6 
116-9 
121-8 
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TABLE Vn. 

Weight of Pxtmp-Pifes, from 4 to 24 Inches Diameteb; 
9 Feet Long, ikoludikq 2 Flanges. 



Diameter 
of Pipe. 


Thickneas. 


Weight 


niameter 
of Pipe. 


ThlckncBS. 


Weiglit. 


in. 


in. 


cwt. qn. lbs. 


in. 


in. 


cwt. qn. Iks. 


4 


I 


3 


15 


U 


18 3 


4i 


i 


3 1 14 


16 


U 


19 


5 


i 


4 1 14 


16 


H 


22 


6 


1 


6 


17 


. U 


21 


7 


1 


7 


17 


If 


23 1 14 


8 


1 


8 


18 


U 


22 2 


9 


1 


9 


18 


If 


24 3 


9 


H 


10 


19 


u 


23 3 


10 


1 


10 


19 


n 


26 14 


10 


H 


11 1 


20 


11 


25 


11 


1 


11 


20 


li 


30 


11 


H 


12 1 14 


21 


u 


26 1 


12 


1* 


13 2 


21 


li 


31 2 


12 


U 


15 


22 


u 


27 2 


13 


H 


14 2 14 


22 


u 


33 


13 


ij 


16 1 


23 


ij 


28 


14 


H 


15 3 


23 


u 


34 2 


14 


U 


17 2 


24 


li 


30 


15 


H 


16 3 14 


24 


li 


36 
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TABLE Vin. 



Pipe Flanges and Bends. 





Pipes. 


Benda. 


Diameter of 
Pipe. 




1^ 
5^ 


Si 


"3 

u 


SZ5"S 


1^ 

S-3 


f 


S 


In. 


In. 


tn. 


In. 


in. 


in. 


in. 


in. 


in. 


2 


A 


6 


i 


H 




) 


5 


3* 


2i 


A 


7 


i 


5i 




f 


5i 


3J 


3 


A 


7J 


i 


5f 




f 


51 


4 


3J 




8 


i 


6i 




f 


6J 


4* 


4 




9 


1 


7 




i 


6J 


4i 


5 




10 


1 


8 




i 


7i 


5i 


6 




"J 


H 


9i 


6 


i 


8 


51 


7 




13 


H 


lOi 


6 


i 


9 


6} 


8 




14 


U 


11* 


6 


i 


10 


7 


9 




14J 


U 


12i 


8 


i 


lOi 


7J 


10 




15J 


1* 


13} 


8 


i 


11 


8 


11 




16} 


If 


Hi 


8 


I 


12 


8} 


12 




18J 


1* 


16J 


8 


i 


13 
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Backet, 45 

„ and plunger pump, qaantity delivered by, 58 

„ „ „ „ vertical, 10 

„ ,. ram „ quantity delivered by, 58 

„ „ „ „ vertical, 10 

„ pump for mines, 4 

„ „ ordinary, 4 

„ rods, table of, 74 

„ with butterfly yalve, 45 

„ „ clack-valve, 46 

„ „ cup-leather packing, 45 
„ hemp packing, 47 

„ „ indiarubber disc valve, 46 

„ „ metallic packing, 46 

„ remarks on designing, 48 
Bullock, power of, 66 
Butterfly valve, 24 

C. 

Cast-iron pipes, rules for weight of, 63 

„ „ „ table of weight of, 72 

„ „ „ bends, table of^ 73 

„ „ „ flanges, table of, 73 
Centrifugal pumps, modulus of, large, 66 
„ M >• N medium, 66 

„ » n t, small, 66 

Change of direction in the flow of water, 15 
Charging apparatus for air-vessels, 54 
Clack-valves, 24 

„ „ double-beat, 25 
Classification of pumps, 3 
Common clack-valve, 24 

„ lift pump, 4 
Conical mitre-valve, 26 
Creosote, pump for, 18 
Cup-leatlxers, 52 

„ „ press for, 52 
Cylinder, diameter required, 60 



D. 
Deep-well pump, 4 
Delivery air-vessel, 53, 62 

•> pip^ diameter required, 62 
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Description of pmnps, 4 
Dyeworks, pump for, 18 
Diameter of pomp, to find, 58 

„ „ steam-cylinder required, 60 
Direct-acting steam pump, diameter of cylinder required, 60 

9> » ff n speed of, 63 

Disc yalye, indiambber, 39 
Domestic purposes, pump for, 18 
Double-acting air pump, 16 

„ „ piston pump, 11 

„ „ plunger pump, 12 

„ „ ram pump, 12 

„ barrel pumps, quantity delivered by, table of, 67, 68 

„ „ „ speed of, 63 

„ beat clack-valve, 25 

„ „ valve, 28 
Drainage, pumps for, 18 

„ „ modulus of, 66 

„ „ valves for, 44 

Duty of pump-valves, 23 



E. 



Earthenware pump, 16 
EfSciency, 14 

Equality of metal in pumps, 14 
„ „ valves, 38 



»» 



F. 

Fire engine, make of, 18 
„ „ modulus of, 66 
„ „ pumps for, 18 

Flap-valves, 24 

Flat surfaces, 15 

Foot-valve, 14 

Force required to work a pump, 56 

Formulas, 56 

Friction in pumps, 59 

G. 

Gasworks, pumps for, 18 
Gelatinous fluids, piunps for, 18 
Glass pumps, 16 
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Glass water-gauge for air-yessels, 55 
Glutinous fluids, pumps for, 18 
Guard, yalye, 40 
Guttapercha pump, 16 

H. 

Hand-pump, 4 
„ „ bucket, 45 
„ „ valve, 24 
Headofwater, 65, 70 
Hemispherical spill-valve, 27 

„ spindle- valve, 27 

Hollow plunger pump, 9 

„ ram pump, 9 
Horizontal double-acting piston pump, 11 
„ n »» plunger pump, 12 

„ „ „ ram pump, 12 

„ pumps, 11 
Horse-power required to raise water, 59 
Horses raising water, 66 
Hot water, pump for, 14 
„ „ valve for, 41 
Hydraulic memoranda, 65 
Hydrochloric acid, 43 

I. 

Indiarubber ball valves, 85 

„ „ disc and ring valves, 85 

„ „ disc valves, 34 

„ „ multiple-beat valves, 35 

„ „ rotating disc valves, 34 

„ „ valves, 84 

„ „ valve, guard for, 39, 40 

Irrigation, pumps for, 19 

L. 

Labour of asses, 66 

„ „ bullocks, 66 

„ ,, horses, 66 

„ „ men, 65 

„ „ mules, 66 
Large centrifugal pumps, modulus of, 66 

„ mine pumps, speed of, 63 

„ vertical plunger pumps used in mines, 7 
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Leakage, 59 
Leather for yalyes, 87 
Length of a bnllook walk, 66 
Leverage of pump-handles, 56 
Lift of pnmp-yalTeSi 88 

„ „ yalTOB, 38 
Load on pumpa, 56 
LoflB by leakage, 59 

„ „ slip, 59 
Low-lift centrifugal pumps, modulus of^ 66 



M. 

lialt liquor, pumps for, 19 
Manhole for air-yesaels, 55 
Material of which pumps should be made, 16 

„ „ „ pump-yalyes should be made, 42 
Medium size centrifugal pumps, modulus of, 66 
Men, labour of, 65 
MUk of lime. 19 
Mine pump, 7 

„ „ modulus of^ 66 
Mines, pumps for, 19 
Blitre-yalves, 26 

„ „ conical, 26 

„ „ ordinary, 26 
Modulus of pumps, 66 
Mule, labour of, 66 

Multiple-beat indiarubber ring yalves, 35 
„ „ yalyes, 33 



Naphtha, 20 



N. 



O. 



Oil, pxmips for, 20 
Ordinary ball yalyes, 35 

„ backet pump, 4 

n clack-valye, 26 

„ direct-acting steam pump, speed of, 63 
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P. 

Paint, pnmp for, 21 
Paper pulp, pump for, 20 
Petroleum „ „ 21 
Pipe bends, table of, 73 

„ delivery, size of, 62 

„ flanges, table of, 73 

„ suction, size of, 62 

„ tbickness required, rule for, 62 

9f »> n table of, 71 

Piston and plunger pump, 13 

n »» » >t quantity delivered by, 58 

„ pump, double-acting, 11 
„ with cup-leather packing, 48 
., „ hemp „ 51 

„ „ leather ring „ 49 
„ „ metallic „ 49, 50 

„ „ water „ 51 

Press for cup-leathers, 52 
Pressure of steam required, 61 
„ „ water, 65 

» 19 t, at different heads, rule for, 65 
»» »> »» ** «> >, table of, 70 

„ on pumps, total, rule for, 56 
)t ,) » „ table of, 69 

Principle of the action of a pump, 1 
Pump, bilge, 21, 42 
„ bore-hole, 17 
„ bucket, 4 

„ „ with butterfly valve, 45 

>. M » clack-valve, 46 

I* )) )t cup-leather packing, 45 

t* it n indiarubber disc valve, 46 

» »> n hemp packing, 46 

» ,j »f metallic „ 46 

M .1 remarks on, 48 

„ bucket and plunger, 10 
„ centrifugal, modulus of, 66 
conunon lift, 4 
diameter of, to find, 58 
double-acting piston, 11 
n n I'am, 12 
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Pump 


, double-barrel, 63 


>» 


efurthenware, 16 


»» 


fire-engine, modulus of, 66 


9* 


>t 


M make of, 18 


»» 


gla«8,16 


t» 


for acid, hydrochloric, 43 


»» 


w 


„ strong, 16 


»» 


»> 


„ weak, 17 


f 


>» 


ammoniacal liquor, 17 


M 


»• 


anthracene oil, 17 


»» 


n 


asphalt, 42 


f» 


n 


beer, 17 


>» 


>» 


benzole, 17 


>» 


»» 


benzoline, 17 


>» 


*i 


bilge-water, 42 
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ft 


bleaching mills, 17 


•» 


19 


bore-hole, 17 


»» 


V 


breweries, 18 


»• 


»» 


creosote, 18 


»» 


>1 


deep wells, 4 


** 


»> 


dyeworks, 18 


M 


n 


domestic purposes, 18 


i> 


»» 


drainage, 18 


»» 


>» 


„ modulus of, 66 


»» 


!• 


fire engine, 18 


» 


« 


gasworks, 18 


t> 


»« 


gelatinous fluids, 18 


>» 


n 


glutinous fluids, 18 


»» 


t» 


hot water, 14 


»» 


*> 


hydrochloric add, 43 


»♦ 


» 


irrigation, 19 


M 


>» 


malt liquor, 19 


»» 


>» 


milk of lime, 19 


»> 


i» 


mines, 19 


>» 


»9 


„ modulus of, 66 


*( 


W 


naphtha, 20 


*) 


»1 


oil, 20 


»» 


»l 


paint, 21 


>» 


»> 


paper pulp, 20 


»» 


»» 


petroleum, 21 


♦« 


T» 


Bait water, 21 


t> 


>» 


sewage, 21 
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Pump for strong acid, 16 


»» 


„ sugar solution, 21 


« 


„ tan liquor, 21 


»* 


„ tar, 21 


>» 


„ treacle, 21 


a 


„ vinegar, 21 


»» 


„ water, oold, 44 


»t 


„ „ hot, 14 


>» 


„ „ works, 21 


f) 


„ „ „ memoranda on, 65 


n 


„ „ „ modulus of, 66 


>• 


„ weak acid, 17 


>» 


„ wine, 22 


i» 


passages, 14 


•t 


pistons, 48 


» 


„ with cup-leather packing, 48 


•I 


„ „ hemp „ 51 


>» 


„ „ metallic „ 50 


»i 


„ „ water „ 51 


n 


valves, 23 


» 


„ annular ring, 27 


»» 


„ hall. 35, 40 


tf 


„ bell, 27 


tt 


„ butterfly, 24 


i» 


„ clack, double-beat, 24 


»» 


„ conical mitre, 26 


»♦ 


„ double-beat, 28 


»» 


„ for acid, hydrochloric, 43 


»» 


„ „ strong, 42 


»» 


„ „ „ weak, 43 


»i 


„ „ ammoniacal liquor, 42 


»> 


„ „ anthracene oil, 42 


>» 


„ „ asphalt, 42 


»i 


„ „ benzole, 42 


»» 


„ „ benzolino, 42 


»> 


„ ,, bilge-water, 42 


i> 


„ „ breweries, 42 


»» 


„ „ creosote, 43 


i» 


„ „ fire engines, 43 


»♦ 


„ „ gelatinous fluids, 43 


>» 


„ „ glutinous fluids, 43 


f» 


>» •! gritty water, 41 
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Pamp-yalyes for hot water, 43 

„ „ ,, hydrochloric add, 43 

n t, ,9 milk of lime, 43 

)9 n n mines, 43 

,. „ „ muddy water, 43 

„ „ „ naphtha, 44 

f» »» )) oil, 44 

„ ., „ paper pnip, 44 

^ „ „ sewage, 44 

f« »v tf sugar solution, 44 

„ „ „ tan liquor, 44 

»> n f» tar, 44 , 

i> n )f water, 44 

fj « If »» works, 44 

„ „ guard, 39, 40 

J, „ hemispherical spill, 27 

» n » spindle, 27 

,• M indiarubher, 34 

14 >t „ disc, 34 

*> n M )t and ring, 35 

M )> ff multiple-beat ring, 35 

?• i> n rotating disc, 34 

„ „ mitre, 26 

„ „ multiple-beat, 33 

„ „ ordinary mitre, 26 

„ ., ring, 28 

„ „ spill, 27 

„ „ spindle, 27 

„ with perpendicular lift, 26 

„ lift of, 37, 38, 63 

„ „ remarks on designing, 37 

„ „ size of, 63 
Pumping engines, speed of, 63 
Pumps, stoneware, 16 

„ to find size of, 58 



Q. 
Quantity of water delivered by pumps, rule for, 58 

>9 »> n ti n „ approximately, 59 

w »» j» If 7, „ table of, 67, 68 
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B. 

Remarks on demgning pumpe, 14 

„ „ „ pamp-valyee, 37 
Ring valves, 27 

,y and disc valves, indiarabber, 35 
Rotating indiarabber disc valves, 34 
Rules and fonnnlas. 56 

S. 
Salt water, pump for, 21 

Sewage, „ „ 21 

„ valves for, 44 
Single-acting plunger pumps, 12 
„ pumps, 63 

„ „ quantity delivered by, 58 

„ „ „ „ „ table of, 67 

„ „ „ „ „ rule for, 58 

„ ram pumps, 12 
Single-barrel pumps, speed of, 63 
Size of pump buckets, table of^ 74 
„ ,. „ clacks, „ „ 63 
„ „ „ valves, 63 
»» „ „ „ boxes, 39 

Slip, quantity of^ 59 
Small centrifugal pumps, modulus of, 66 

„ vertical plunger pumps, 7 
Snifting valve for air-vessels, 55 
Space in pumps, 14 
Spear-rods, table of, 74 
Speed of an Indian bullook, 66 

„ „ pumps, 63 
SpUl-valves, 27 
Spindle-valves, 27 
Steam-cylinder, diameter required, 60 

„ pressure required, 61 
Stoneware pumps, 16 
Strength of cast-iron pipes, 71 
Strong acid, pump for, 16 
Suction air-vessel, 62 
'„ branch, 14 

pipe, diameter required, 62 
„ position of, 14 
„ vacuum vessel, 62 
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Sudden enlargements and contraotions, 14 
Sugar solution, pumps for, 21 

T. 

Table of pipe bends, 73 
„ „ „ flanges, 73 

„ „ pressure of water at different heads, 70 
„ „ quantity discharged by double-barrel pumps, 68 
„ „ „ „ „ single-barrel pumps, 67 

„ „ H )t M treble-barrel pumps, 68 

,. „ sizes of buckets, 74 

rt w tt >i ClaCK, 74 

„ „ „ „ spear and bucket rods, 74 

M I, strength of pipes, 71 

„ „ total pressure on pumps, 69 

„ „ weight or pipes, 72 
Tan liquor, pumps for, 21 
Tar, pumps for, 21 
Three-throw pumps, modulus of, 66 
Thickness of metal required in pipes, 61 

II 9t •! >i 19 pumps, 61 

Treacle, pumps for, 21 

Treble-barrel pumps, quantity delivered by, rule for, 58 
„ „ „ „ „ „ table of, 68 

., M n speed of, 63 
Total pressure on pumps, rule for, 56 

„ „ „ „ table of, 69 

U. 

Uniformity of metal in pumps, 14 



V. 



M 


„ „ „ YalYes, 38 


ValYe8,23 


n 


annular ring, 27 


i» 


l)all,35 


» 


bell, 27 


tt 


butterfly, 24 




clack, 24 




clack, double-beat, 25 




conical mitre, 26 




double-beat, 28 




„ „ daok. 25 
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Useful Arts; for the Use of Engineers, Architects, &c. Bjr Thomas 
Box. Wkh i^ plates. Third edition, crown 8vo, cloth, 12s. od. 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W.F.Stanley, M.R.I. ¥ifih^6x\xQii,with numerous illustrations f 
crown 8vo, cloth, 51. 
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Quantity Surveying. By J. Leaning. With 42 illus- 
trations. Second edition, revised, crown 8vo, doth, 9/. 

Contents : 



A complete Explanation of the London 

Fftictioe* 
Genenl Instructions. 
Order of Taking Oft 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Wanning, 
Credits, with various Examples ofTreatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstractmg, with Examples m illustration of 

eadi Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a BQl of Quantities. 

Do. Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations auid Repairs, and Form of BIIL 
Variatioos before Accepunce of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 
Focin of Schedule of Prices. 
Analysis of Schedule of Prices. 
Adjustment of Accounts- 
Form of a Bill of Variations. 
Remarks on Specifications. 
Prices and Valuation of Woric, with 

Examples and Remarks upon each Trade. 
The Law as it effects Quantity Surveyors^ 

with Law Reports. 
Taking Off after the OU Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. ' — 



Spans* Architects' and Builders Price Book, with 

useful Memoranda, Edited by W. Young, Architect Crown Svo, doth, 
red edges, ^r. 6d, Published annually. Sixteenth edition. JVaw ready, 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. /VSo/S^, crown 8vo» 
cloth, 5x. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt K.£. With 500 illustrations, 8vo, doth, l^s. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Sixth 
edition, reprinted from the third, crown 8vo, cloth, izr. td. 

Section I. On the Equality and Distribution of Forces— Section II. Resistance of 
Timber— Section III. Construction of Hoors— Section IV. Construction of Roofs— Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitionf-^ 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres far 
Bridges— Section IX. Coffer-dams, Shoring, and Strutting— Section X. Wooden Bridge& 
suid Viaducts— Section XI. Joints, Straps, and other Fastenings— Section XII. Timber. 
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The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, doth, is, 6d, 

Our Factories, WorkshopSy and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaitb, Assoc. 
Mem. List C.E. With 183 wood engravings ^ crown 8vo, doth, 9/. 

Gold: Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rodcs ; the peculiar features and modes of working 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing other metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. With 
numerous illustrations and maps^ 1250 pp., super-royal 8to, doth, 
2/. I2J. dd. 

Iron Roofs : Examples of Design, description. Illus- 
trated with 64 Working Drawings of Executed Roofs, By ARTHUR T. 
Walmisley, Assoc. Mein. Inst C.E. Second edition, revised, imp. 4tO| 
half-morocco, 3/. ^r. 

A History of Electric Telegraphy, to the Year 1837. 

Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc. of Tel. Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8vo, doth, 91. 

Sppns* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deanb, C.E. 2/. 6d, 

Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineeriog— Topo- 
graphy, Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including thp Cape Colony^ Natal, and the 
Dutch Republics. By IIenry Hall, F.R.G.S., F.R.C.L With 
Map. y, 6d, 

Contents : 




Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Works, 
Bridji^es, Gas Works, Irri^^tion and Water Sup^y, Lighthouses, Drainsu^e and Sanitary 
Engineering, Public Buildings, Mines— Table of Woods in South Africa— Animals used for 
Draught Purposes— Statistical Notes— Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc Inst C.E. With Map. 4r. 6d. 

Contents : 

Physical Geography of India— Building Materials— Roads^Railway^-Bridges— Irriga- 
tion'— River Works— Harbours— -Lighthouse Buildings— Native Labour— The Principal 
Trees of India— Money— Weights and Measures— Glossary of Indian Terms, etc. 
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A Practical Treatise an Coal Mining. By George 

G. Andr]6, F.G.S., Assoc Inst C.E., Member of the Society of Engineers* 
With 82 lithographic plata, 2 Yols., royal 4to, cloth, 3/. 12s, 

A Practical Treatise on Casting and Foundings 

indnding descriptions of the modem machinery employed in the art. By 
N. £. Spretson, Engineer. Third edition, with 82 plates drawn to- 
scale, 412 pp., demy 8vo, cloth, \%s. 

The Depreciation of Factories and their Valuation^ 

By EwiNG Matheson, M. Inst. C.E. 8vo, cloth, 6j. 

A Handbook of Electrical Testing. By H. R. Kempe^ 

M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, cloth, r6x. 

Gas Works : their Arrangement, Construction, Plants 

and Machinery. By F. Colyer, M. Inst. C.E. fi^h y. folding plates, 
8vo, cloth, 24r. 

The Clerk 0/ Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HosRiNS,. 
F.R.I.B.A. Third edition, fcap. 8vo, cloth, is, 6d, 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition^ 
with numerous illustrations^ crown 8vo, cloth, los. 6d. 

The Maintenance of Macadamised Roads: By T. 

CoDRiNGTON, M.LC.E, F.G.S., General Superintendent of County Roads 
for South Wales. 8vo, cloth, 6^. 

Hydraulic Steam and Hand Power Li/ting and 

Pressing Machinery, By Frederick Colyer, M. Inst C.E., M. Inst. M.E. 
IVith 7ZP^ates^ 8vo, cloth, i&r. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.C.E., M.I.M.E. With 2^ folding plates, 8vo, cloth, 12s. 6d, 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part. With 1 1 large plates, 8vo, cloth, 12s. 6d, 

\ Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Brixton, late Surveyor to the Metropolitan Board of Works^ 
etc., etc. With 10 plates, crown 8vo, cloth, ^s, 6d. 
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The Municipal and Sanitary Engineers Handbook. 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations^ demy 8vo, cloth, I2J. td. 

Contents : 

The Appointment and Duties of the Town Surveyor— Traffic-Macadamised Roadways- 
Steam RoUmg^Road Metal and Breaking — Pitched ravements— Asphalte— Wood Pavements 
—Footpaths — Kerbs and Gutters— Street Naming and Numbering— Street Lighting-Sewer- 
age— Ventilation of Sewer»— Disposal of Sewage — House Drainage— Disinfection — Gas and 
Water CominnieSf etc.. Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers — ^Artisans' and Labourers* Dwellings— Public Conveniences— Scavenging, including 
Street Qeansing— Watering and the Removing of Snow— Planting Street Trees— Deposit of 
Plans— 'Dangerous Buildings^Hoaxdings— ObstructiensF— Improvmg Street Lines — Cellar 
" ~" ' " ' -' I— Cattlej ~ 



Openings— Public Pleasure Grounds— Cemeteries — Mortuaries— Cattle and Ordinary Markets 
—Public Slaughter-houses, etc^Jiving numerous Forms of Noticdi, Specifications,- and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Metrical Tables. By G. L. Molesworth, M.I.C.E. 

32mo, doth, ix. 6</. 

Contents. 

General— Linear Measures-^tuure Measures — Cubic Measures— Measures of Capacity—* 
Weights— Combinations— Thermometers. 

Elements of Construction for Electro-Magnets. By 

Count Th. Du Moncel, Mem. de Tlnsfitut de France. Translated from 
the French by C. J. Wharton. Crown 8vo, cloth, 4r. 6^. 

Practical Electrical Units Popularly Explained^ with 

numerous illustrations and Remarks. By James Swinburne, late of 
J. W. Swan and Co., Paris, late of Brush-Swan Electric Light Company, 
U.S.A. xSmo, doth, \s. tcL 

A Treatise on the Use of Belting for the Transmis- 
sion of Power* By J. H. Cooper. Second edition, illustrated^ Svo, 
cloth, ly. 

A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations^ 744 pp. Twenty-second 
edition, revised and enlarged, 33mo, roan, dr. 

Synopsis of Contents: 

Surveying, Levelling, etc.^Strength and Weight of Materials— Earthwork, Brickworie, 
Masonry, Arches, etc.— Struts, Columns, Beams, amd Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc-— Railways and Road^^HydrauHc Formulae— Canals, Sewers, 
Waterworks, Docks— Irrigation. and Breakwaters— Gas, Ventilation, and Warming— Heat, 
L^t, Colour^ and Sound— Gravity : Centres, Forces, and Powers— Millwork, Teeth of 
Wheels, Shafting, etc.^Workshop Kedpes — Sundry Machinery— Animal Power — Steam and 
the Steam Engme— Water-power, Water-wheels, Turbines, etc.— Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.— Weights, 
Measures, and Moneys-Trigonometry, Come Sections, and Carves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc. — Useful Numbers— Differential and Integral Calcu- 
lua— Algebraic Signs— Telegraphic Construction and Formulae. 
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Hints on Architectural Draughtsmanship. By G. W. 

TuxFORD Hallatt, Fcap. 8vo, cloth, u, W. 

» 

Spans' Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook/ * Hurst's Tredgold's Caipentry,* etc Ninth 
edition, 64010, roan, gilt edges, \s,\ or in cloth case, \s. 6d, 
This work is printeid in a pearl type, and is so small, measuring only a^ in. by z| in. by 
i in. thidc, that it may be easuy earned in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but al in. by if in., vet these dimensions faithfully rraresent the stse of the handv 
little bo^ before us. The volume — which contains xx8 printed pagjes, besides a few blank 
pages for memoranda-^, in fact, a true pocket-book, adapted for being carried in the waist* 
coat pocket, and contuning a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers au a useful little pocket Qom'pKoxon."-^Bngirie€ru^» 

A Practical Treatise on Natural and Artificial 

Concrete^ its VarUtUs and Constructive Adaptations, By HENRY RsiD, 
Author of the ' Science and Art of the Manufacture of Portland Cement.* 
New Edition, with 59 woodcuts and 5 plates, 8vo, cloth, 15/. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works. By John Newman, 
Assoc. Mem. Inst. C.E., crown 8vo, cloth, 4;. 6^. 

Electricity as a Motive Power. By Count Th. Du 

MoNCEL, Membre de Tlnstitut de France, and Frank Geraldy, Ing^- 
nieur des Ponts et Chauss^es. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc Soc. TeL Eng. and Elec. With 113 engravings 
and diagrams, crown 8vo, cloth, is, 6S. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at fhe Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated, Svo, clothe 12s, 6d, 

The French -Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Tlurd edition, royal 32mo, sewed, 6d, 

^opSy their Cultivation^ Commerce^ and Uses in 

various Countries, By P. L. SiMMONDS. Crown Svo, doth, 4/. 6</. 

he Principles of Graphic Statics. By George 

Sydenham Clarke, Capt Royal Engineers. With 112 illustrations. 
4to, doth, I2s, 6d. 
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DynamO'Electric Machinery : A Manual for Students 

of Electro-technics. By Silvanus P. Thompson, B. A., D.Sc, Professor 
of Experimental Physics in University College, Bristol, etc, etc. Third 
edition, illustraiedj 8vo, doth, i6r. 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates, 2 vols., cloth, loj. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. IVith 93 illustrcUions, crown 8vo, cloth, 5J. 

A Practical Treatise on the Manufacture and Distri- 

button of Coal Gas. By William Richards. Demy4to, with numerous 
wood engravings and 2^ plates^ cloth, 2%s, 

Synopsis of Contents : 

Introduction— History of Ga« Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.-~Coal, with Analyses, by J. Paterson, Lewis Thomj»on, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting— Hydraulic Main — Con- 
densers— Exhausters— Washers and Scrubbers-^Purifiers— Purification — History of Gas 
Holder — Tank«, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wroughl-iron — Specifications — Gas Holders— Station Meter— Governor — Distribution— 
Mains-^!}as Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services— Consumers* Meters — Regulators— Burners— Fittings — Photometer— Carburization 
of Gas-*Air Oas and Water Oas-A^omposiiion of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas— Influence of Atmospheric Pressure and Temperature on Gsl» — ^Residual 
Products— Appendix---Description of Retort Settings, Buildings, etc., etc. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. K UTTER. Translated from articles in 
the * Cultur-Ing^nieur,* by Lowis D'A. Jackson, Assoc. Inst C.E. 
8vo, cloth, 12^-. td. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3^. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth ami 
Wolfram. By Arthur G. Cmarleton, Mem. American Inst, of 
Mining Engineers. With plates^ 8vo, cloth, I2j. 6</. 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.E. With illustrations, 8vo, cloth, ^j. 6</. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc^ etc By Thomas Box. Fifth edition, 
numerous plates, post 8vo, cloth, 5^. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
7/. dd. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 

of Time — Chap. 1. The Work of Living Agents, the Influence of Friction, and introduces 

^ one of the most beautiful Laws of Motion— Chap.^ |. The principles expounded in the first and 

second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 

simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With 20 plates, Syo, cloth, i&r. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Watenvheels^ specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, cloUi, 12s. 6d, 

yl Practical Treatise on Mill-gearing, Wheels, Shafts, 

diggers, etc; for the use of Engineers. By Thomas Box, Third 
edition, with ii plates. Crown 8vo, cloth, yx. 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
An DRIB, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. izr. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting->VentiIation— Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc., varying from a radius of five chains to three miles. By A, 
Kennedy and R. W, Hackwood. Illustrated, 32mo, cloth, 2s. 6d. 
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The Science and Art of the Manufacture of Portland 

Cement^ with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc, 8vo, cloth, i8j. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text^ and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 91. » 

Contents : 

The Drawing Office and its Furnlsihing^s — Geometrical Problems— Lines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans — Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing TrigonometricaJ Formulx, etc.. etc. 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, with illustra- 
tianSf crown 8vo, cloth, 5x. 

Pock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Akdre, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
lox. 6d, 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L. 
CONDIT and J. Scheller. Illustrated, 8vo, cloth, icxr. 6</. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tablcr. 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddait 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtofis Builders and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5^. 

Laxtons Builders' and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5j. 
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Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and Hoose Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, loith numerous plates and woodcuts^ 8vo, cloth, i/. lOf. 

Screw Cutting Tables for Enghieers and Machinists^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., FJ^.S., F.R.A.S., 
etc Cloth, oblong, zs. 

Screw Cutting Tables^ for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, td, 

A Treatise on a Practical Metliod of Designing Slide- 

Valve Gears iy Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch*s, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo» cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6</. 

A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams, crown 8vo, cloth, ^s. 

A Pocket-Book for Boiler Makers and Steam UserSy 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Sun'eyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32 mo, roan, gilt edges, ^s. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. IVith enpaviugs, 
8vo, cloih, 9T. 
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Barlows Tables of Squares^ Cubes^ Square Roots, 

Cube Roots ^ Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, dr. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4I0, copiously illustrated 
with woodcuts and 96 plates^ in one Volume, half'bound morocco, 2/. 2s. ; 
or cheaper edition, cloth, 25/. 

This work Is not, in any sense, an elementary treatise, or history of tlie steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Piston.*:, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, aud Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Prctctical Treatise 07i the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc., with a 

feneral description of the several Instruments required for Surveying, 
.evelling. Plotting, etc. By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, 12s, 6d, 

Principal Contents : 

Part X. Introduction and the Principles of Geometry. Part a. Land Surveying: com- 

f rising General Observations — The Cham— Offsets Surveying by the Chain only — Surveying 
lilly Ground — ^To Survey an Estate or Parish by the Chain only— Surveying with the 
Theodolite— Mining and Town Surveying — Railroad Surveying— Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling — 
Simple and Compound Levelling^The Level Book— Parliamentary Plan and Section- 
Levelling with a rheodolite— Gn^dients — Wooden Curves — To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — Tunnels— Brickwork — Ironwork — ^T'imber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting— The Improved Dumpy Level— Troughton's 
Level — The Prismatic Compass — Proportional Compass— Box Sextant — Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale — ^The Diagonal Scale — 
Straight Edge and Sector. Part 6. Logarithms ot Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Porter, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates^ demy 8vo, cloth, *is, 6d, 



14 CATALOGUE OF SCIENTIFIC BOOKS. 



The Assayers Mamial: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations, 8vo, cloth, 12s, 6d, 

Electricity: its Theory, Sources, and Applications. 

By J. T. Sprague, M.S.T.E. Second edition, revised and enlarged, with 
numerous illustrations^ crown 8vo, cloth, 15J. 

The Practice of Hand Ttirningin Wood, Ivory, Shell, 

etc,, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By FRANCIS Campin, 
Third edition, with wood engravings, crown 8vo, cloth, 6j. 

Contents : 

On Lathes— Turning Tools — ^Turning Wood — Drilling — Screw Cutting— Miscellaneous 
Apparatus and Processes — Turning Particular Forms-'Staining— Polishing— Spinning Metals 
—Materials— Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, ^s, 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork — ^Tools — Time— Historical Sum- 
mary — On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up — The Verge— The Horizontal— The Duplex— The Lever — The Chronometer— Repeating 
Watches— Keyless Watches — The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen^How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2J. 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities— Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of the Series- 
Limit of Series — Square and Cube Roots— Equations — List of Formulae, etc. 

Spons" Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical tenns in French, German, Italian, 
and Spanish, 3 1 00 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. 8^. Complete in 3 vols., cloth, 5/. 5^, Bound in a 
superior mauiner, half-morocco, top edge gilt, 3 vols., 61, 12s, 



PUBLISHED BY E. & F. N. SPON. 



Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst. M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2r. dd. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates of 
Working Drawings, Crown 8vo, cloth, 7j. 6^. 

Proceedings of the National Conference of Electricians^ 

Philadelphia, October 8th to 13th, 1884. i8mo, cloth, 3J. 

Dynamo - Electricity^ its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations. 8vo, cloth, 1/. u. 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalier, Editor of **L'Electricien," by C. J. 
Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations. Demy 8vo, 
cloth, 9J. 

Contents : 

I. Production of the Electric Current— 2. Electric Bells— 3. Automatic Alarms — ^4. Domestic 
Telephones — 5. Electric Clocks— 6. Electric Lighters— 7. Domestic Electric Lighting— 
8. Domestic Application of the Electric Light— 9. Electric Motors — 10. Electrical Locomo- 
tion— 11. Electrotyping, Plating, and Gilding— 12. Electric Recreations— 13. Various appli- 
cations—Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2J. 6</. 

Contents : 

1. The Electric Current and its production by Chemical means— 2. Production of Electric 
Currents by Mechanical means — ^3. Dynamo-Electric Machines— 4. Electric Lamps— 
5. Lead— 6. Ship Lighting. 

The Practical Flax Spinner ; being a Description of 

the Growth, Manipulation, and Spinning of Flax and Tow. By Leslie 
C. Marshall, of Belfast. With illustrations, 8vo, cloth, 15^. 

Foundations and Foundation Walls for all classes of 

Buildings^ Pile Driving, Building Stones and Bricks, Pier and Wall 
construction, Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 Ulus* 
trations. By G. T. Powell and F. BAtJM.A^, %s^^ OiS3Si5^^^a^.^^.. 




CATALOGUE OF SCIENTIFIC BOOKS 



Manual for Gas Engineering Students. By D. Lee. 

iSmo, cloth u. 

Hydraulic Machinery y Past and Present, A Lecture 

delivered to the London and Suburban Railway 0£Bcials' Association. 
By H. Adams, Mem. Inst. C.E. Folding plate, 8vo, sewed, u. 

Twenty Years with the Indicator, By Thomas Pray, 

Jan., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloih, 12^. 6d^. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1884. Issued March 1885. 8vo, sewed, ^s. 

Bad Drains^ and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, 3J. 6d, 

Well Sinking, The modern practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc. Mem. Inst. C.E., Mem. Soc. Fng., and of the 
Franklin Inst., etc. Second edition, revised and enlarged. Crown 8vo, 
cloth, loj. dd. 

Pneumatic Transmission of Messages and Parcels 

hetiveen Paris and London^ via Calais and Dover, By J. B. Berlier, 
C.E. Small folio, sewed, 6d, 

List of Tests {Reagents), arranged in alphabetical 

order, according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and Scientists. 
By Hans M. Wilder. Crown 8vo, cloth, 4^. 6d, 

Ten Years Experience in Works of Intermittent 

D<nvnward Filtration, By J. Bailey Denton, Mem, Inst. C.E. 
Second edition, with additions. Royal 8vo, sewed, 4/. 

A Treatise on the Manufacture of Soap and Candles^ 

Lubricants and Glycerin, By W. Lant Carpenter, B.A., B.Sc. (late 
of Messrs. C. Thomas and Brothers, Bristol). With illustrations. Crown 
8vo, cloth, \05. dd. 



N' 



PUBLISHED BY E. & F. N. SPON. 



The Stability of Ships explained simply ^ and calculated 

by a new Graphic method. By J. C. Spence, M.I.N. A. 4to, sewed, 

Steam Makings or Boiler Practice. By Charles A. 

Smith, C.E. 8vo, cloth, lox. 6</. 

Contents : 

I. The Nature of Heat and the Properties of Steam — a. Combiistion.--3. Externally Fired 
Stationaiy Boilers—^ Internally Fired Stationary Boilers — ^5. Interaaihr Fired Portable 
Locomotive and Marine Boilers-— 6. Deswn, Construction, and Strength of Boilersr-?. Pro- 
portions of Heatinjg^ Surface, Economic Evaporation, Explosions— 8. Miscellaneous Boilers, 
Choice of Boiler Fittings and Appurtenances. 

The Fireman s Guide; a Handbook on the Care of 

Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, zr. 

A Treatise on Modem Steam Engines and B oiler Sy 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colysr, M. Inst C.E., Mem. Inst M.E. 
With 2J^ plates. 4to, cloth, 25/. 

C0NTKNT8 : 

" X. Introduction— 3. Original Engines — 3. BoiIers^-4. Hi^h«Pressure Beam Engines — 5. 
Cornish Beam Engines— 6. Horixontal Engines— 7. Oscillating Engines— 8. Vertical High- 
Pres«tire Engines— 9. Special Engines^zo. Portable Engines— zz. Locomotive Engines— 
la. Manne Engines. 

Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. CoLYER, M. Inst 
C.E., Mem. Inst M.E. i8mo, cloth, 2s. 

Land Surveyiftg on the Meridian and Perpendicular 

System. By William Penman, C.E. 8vo, doth, Zs, 6d. 

The Topographer^ his Instruments and Methods^ 

designed for the use of Students, Amateur Photographers, Surveyors, 
Engineers, and all persons interested in the location and construction of 
woncs based upon Topography. Illustrated with numerous plates^ maps, 
and engravings. By Lewis M. Haupt, A.M. 8vo, cloth, i&f. 

A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, P\C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, doth, los. 6d, 



la super-royal 8vo, zz68 pp^ vnik 3400 Ulustrations, in 3 Divbions, cloth, price Z3X. ^i, 

each ; or x vol., cloth, 3/. ; or half-morocco, s/. &r. 



A SUPPLEMENT 



TO 



SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Memb. Soc. Engineers. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetailsjTelephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 



London : E. & F. N. SPON, 125, Strand. 

New York : 12, Cortlandt Street. 



"^ 



-^ 



NOW COMPLETE. 

TVi^A nearly 1500 illustrations^ in super-royal 8vo, in 5 Divisions, cloth 
Divisions l to 4, 13J. dd, each ; Division 5, 17J. td, ; or 2 vols., cloth, £^ loj. 

SPONS' ENCYCLOPEDIA 



OPTHB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, RL.S. 

Among the more important of the subjects treated of, 
following :— 



are the 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 2C 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gumm}! 

Substances, 75 PP* ^^ 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp, 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufacture^ 

58 pp. 39 figs. 



3S 



134 



London : E. & F. N. SFON, 126, Strand. 

New York : 12} Cortlandt Streets 



Crown 8vo, doth, with iUustntioiis, 5^. 

WORKSHOP RFXEIPTS, 

FIRST SERIES. 

By ERNEST SPON. 



Synopsis of Contents. 

Freezing. | 

Fulminates. ' 

Furniture Creams, Oils, 

Polishes, Lacquers, I 

and Pastes. 
Gilding. | 

Glass Cutting, Cleaning, ; 

Frosting, Drilling, ' 

Darkenmg, Bending, < 

Staining, and Paint-, 

mg. 
Glass Making. 
Glues. 
Gold. 
Graining. 
Gums. 
Gun Cotton. 
Gunpowder. 
Horn Working. 
Indiarubber. 
Japans, Japanning, and 

kindred processes. 
Lacquers. 
Lathing. 
Lubricants. 
Marble Working. 
Matches. 
Mortars. 
Nitro-Glycerine. 
Oils. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 

(Cleaning, Dipping, 

Scratch-brushing, Bat- 
teries, Baths, and 

Deposits of every 

description). 
Enamels. 
Engraving on Wood, 

Copper, Gold, Silver, 

Sted, and Stone. 
Etching and Aqua Tint. 
Firework Making — 

(Rockets, Stars, Rains, 

Gerbes, Jets, Tour- 
billons, Candles, Fires, 

Lances,Lights, Wheels, 

Fire-balloons, and 

minor Fireworks). 
Fluxes. 
Foundry Mixtures. 

Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Temp|ering Metals. 

Treating Horn, Mother- 
o*-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



London : E. & F. N. SPON, 126, Strand. 

New York : 12, Cortlandt Street. 



